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PREFACE 

This volume is the outcome of a suggestion that the authors’ 
Lessons in Science, originally intended to assist pupil teachers 
and others offering Physics and Chemistry in the Preliminary 
Examination for the Certificate of the English P>oard of 
Education, would, if modified and extended, meet the needs of 
candidates preparing for the examination in elementary science 
(Physics and Chemistry) for the Matriculation Examination at 
the University of Madras. 

The present edition will he found to contain a full descriptive 
a\id experimental treatment of all the subjects included under 
Elementary Science in the new Syllabus for Matriculation at 
the University of Madras, and to cover the work necessary for 
similar Examinations at other Universities. 

Each chapter is provided with a summary of the chief points 
explained, and is followed by a miscellany of questions set at 
numerous important public examinations. Those followed by a 
date only are from the May Examination papers of the English 
Board of Education. The source of the others is clear from the 
abbreviations: P.T., Pupil Teachers’ examinations; L.M., 
London University Matriculation ; and K.S., King’s Scholar- 
ship Examination papers. 

The authors gladly take this opportunity to acknowledge the 
assistance rendered by Mr. <1. H. Wyatt, B.Sc., in arranging 
the present edition, and in writing some of the new sections. 


II A. C. 
A. T. S. 
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LESSONS IN SCIENCE. 


CHAPTER I. 

PHYSICAL PROPERTIES AND STATES OF MATTER. 

1. PROPERTIES OF MATTER. 

i. Porosity. — (a) Filter some muddy water through a filter paper 
plaeed in a funnel (Fig. 1). The particles of water are small 
enough to pass through the pores of the paper, but the solid 
particles of mud are too large, hence they are left behind. 

(/>) Procure a piece of chamois leather ; make it into a bag, and 

S our some mercury into it. Increase the pressure on the mercury 
y twisting the leather. The 
mercury is forced through the 
pores. This is a common way 
of filtering mercury. 

(c) Half fill a barometer tube 
with water; then gently add 
alcohol until the tube is nearly 
full. Make a mark on the tube 
at the level with the top of the 
liquid column, and afterwards 
shake the tube so as to mix the 
water and alcohol well together. 

Observe that the volume of the 
mixture has diminished, the reason being that some of each liquid 
has filled up pores between the particles of the other. 

ii. Elasticity. — Procure a slab of polished marble or some similar 
material and smear it with oil. Drop a billiard ball, or a large glass 
marble, from a considerable height on to the slab. Catch it as it 
rebounds. Notice that a blot of oil is found where the ball came 
into contact with tlic slab. Compare the size of the blot with the 
spot which is formed when the marble is placed in contact with 
the slab. 

Evidently the ball underwent a compression as the result of 
collision with the slab, and, by virtue of its elasticity, it regained 
its original size, causing the rebound. 

L.S. I. A ® 



Fia. 1.— Funnel and filter-paper. 
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What is meant by “matter.”— Our earliest knowledge of 
the world teaches us that on every side we have what we 
familiarly speak of as things of all kinds. We become aware of 
the existence of these things in different ways. Some we feel, 
some we smell, some we see, some we taste, while others' again 
make their existence known to us by the sounds we hear. On 
a windy day at the sea-side, standing on the beach, we feel the 
ground under our feet ; we smell, it may be, the tar on a neigh- 
bouring boat or the seaweed on the shingle ; we see a distant 
ship at sea or the clouds hurrying across the sky ; we taste the 
salt in the air ; and we hear tin; never-ceasing roar of the waves 
as they break at our feet. All these things, about which we 
get to know by our senses, are called material things ; they are 
forms of matter. We must think of matter, then, as meaning 
all tilings which exist in or out of our world, which we can become 
aware of by the help of our senses. 

Different kinds of matter.— Of course the number of 
different kinds of tilings is very great, but yet they can all 
be arranged in three classes, according to certain of the 
properties they possess, which we shall immediately have to 
study. The classes are (1) Solid things or solids ; (2) Liquid 
things or liquids ; (II) Gaseous things or gases. Sometimes the 
last two are made into one class and called fluids. 

What is meant by “properties.”— We shall have occasion 
to use the word properties so often that it will be well to under- 
stand clearly what meaning the word conveys, and this can be best 
accomplished by one or two examples. We say a strawberry is 
sweet, or a strawberry has the property of sweetness ; the paper 
of this book is white, or the paper possesses the property of 
whiteness ; the sun is bright, or the sun is noted for the 
property of brightness. Evidently, then, properties are certain 
effects caused by the things which are said to possess them. 

Properties possessed by all kinds of matter.— There are 
certain properties possessed in common by all kinds of matter ; 
these are said to be general properties. 

1. Matter must occupy a certain space, or possesses extension ; 
the larger it is the larger the space occupied by it. 

2. Two material things cannot occupy the same space at the 
same time. This property is expressed by saying that matter 
is impenetrable. To be quite accurate, we have to know some- 
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tiling about the way in which matter is built up. We shall 
see more fully later that every kind of matter is regarded 
as being built up of small constituent parts, which are 
incapable of division, and that it is really only these indivisible 
parts ‘which are impenetrable. 

3. Matter offers resistance.- We become aware of this, in the 
case of solids, if we knock ourselves against the wall or the 
table ; if we swim or wade in water we know the same thing is 
true of water, and we find it to be so of all liquids ; if we 
attempt to run with a screen in front of us we become conscious 
of the resistance offered by the air to our onward progress, and 
from this learn that gases, too, oiler resistance. 

4. Matter has weight. — Without knowing the full significance 
of the expression weight, we shall have a sufficiently clear idea 
of what is meant by this property from its familiar use in every- 
day conversation. By lifting a solid we become conscious of its 
possession of this property ; if we lift an empty bottle and then 
when it is full of any liquid, we shall find it is lighter in the first 
instance, or, as we say, the liquid has weight. By the exercise 
of sufficient care it can be shown, in just the same manner, that 
gases have weight. 

5. Matter transfers motion to other things when it strikes against 
them. — If we throw a stick at a cocoa-nut on the end of a pole, 
or send a jet of water at a ball, or blow at a piece of paper, 
another of the general properties of matter (tan be demonstrated, 
namely, the power of giving motion to other things by striking 
against them. All these general properties can be brought 
together in a definition — thus : Matter occupies space, offers 
resistance, possesses weight, and transfers motion to other things 
when it strikes against them. • 

Other properties of matter. — Matter possesses other char- 
acters or properties which it will be useful to study. 
Though these, too, are general properties, it is possible to form 
a good elementary notion of matter without taking them into 
account, and it must be remembered that these properties 
cannot all be applied to every kind of matter. We shall 
consider (I) Divisibility, (2) Porosity, (3) Compressibility, 
(4) Elasticity, (f>) Tnertia. 

Divisibility. — Imagine some material body before you on a 
table. You know that with suitable means you can divide it 
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into parts by cutting, that each of the halves can be again- 
divided, and that the bisection can be continued as long as the 
knife is sufficiently fine and sharp to be able to cut the substance. 
Evidently, if you could only get sharper and sharper knives, and 
keener and keener eyes, this process of division could be carried 
on for a very long time. This property is what is understood 
by divisibility. 

Could this division go on for ever ? There are reasons for 
believing that it could not. Eventually a stage would be 
reached at which each individual part would be indivisible ; 
these parts are called atoms. It must be at once understood 
that atoms have never been seen. We can only imagine what 
would be the end of our process of division. Our strongest 
microscopes bring us nowhere near the possibility of seeing 
an atom. 

Porosity. — We are all in the habit of associating this property 
with certain familiar forms of matter. The sponge we use in 
the bath has holes through it, or is, as we say, porous. A piece 
of blotting paper is another common example of an obviously 
porous material ; the substances used in filters must also 
evidently be porous, or else the water would not percolate 
through them. Porosity refers to the possession of these 
interstices or pores. In some cases, though we cannot see 
these pores with the naked eye, we easily perceive them with 
a microscope. The pores have often been shown to exist, even 
where it is difficult to imagine their existence, by forcing water 
through them. Thus Francis Bacon, in 1640, forced water 
through a very carefully closed sphere made of lead. 

Compressibility. — This property follows as a natural conse- 
quence of that just described. If pores exist between the 
indivisible small particles of which matter is built up, it ought 
to be possible, by the adoption of suitable means, to make these 
particles go closer together. This is found to be the case. By 
pressing upon the body from outside it can be made smaller. 

This is well known to be the case in gases, which can 
actually be made to become successively one-half, one-quarter, 
one-eighth, and so on up to at least one-hundredth of their 
original size. \ 

The same thing holds true in the case of solids, though to 
a much smaller extent. A familiar example of the compression 
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•of solids is seen when a druggist presses a cork between two 
pieces of iron in order to make it lit a bottle for which it was 
previously too large. But, generally, in the case of solids the 
pressure exerted has to be very great to bring about even a 
small compression. 

It was believed for a long time that liquids could not be 
compressed, but it is now known that they can be slightly 
reduced in volume, that is, the particles can be forced nearer 
together. 

Thus we learn that compressibility is not only a consequence of 
porosity but actually a proof of its existence. 

Elasticity. — Imagine a gas to have been made to assume 
one-half its size by compressing it. What would happen if the 
pressure, which is the cause of the diminution, were suddenly 
removed ? The gas would resume its original size or volume, 
and it would, so far as appearances are concerned, seem to have 
undergone no change. The gas is said to be perfectly elastic 
and the property which enabled it to go back to its original 
state is called elasticity. Similar results follow with liquids ; 
they also are perfectly elastic. 

Some differences arise when solids come to be examined. 
Though the property can be developed in solids in at least four 
ways— by pressure, by pulling, by bending, and by twisting — 
we need only in this connection consider the first, as it is the 
elasticity which is developed by pressure which is most marked 
in all forms of matter. Ivory, marble, and glass are examples 
of elastic solids ; while putty, clays, fats, and even lead are 
instances of solids with scarcely any elasticity. In a scientific 
sense, glass .is more perfectly elastic than india-rubber, because 
it returns to its original shape after it had been forced out of 
that shape, whereas india-rubber does not return exactly to its 
original shape. 

A solid will only resume its former dimensions when the 
pressure is removed, provided that the pressure is within a 
certain limit. If the pressure be more than this minimum 
amount, or if it exceeds the limit of elasticity, as it is called, 
the solid will not return to the initial size ; it will undergo 
a permanent change. As the student will see later from 
Expt. 3 i., this limit of elasticity is only exceeded in the case 
of india-rubber when the pressure applied is very great. 
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Inertia. — This property will be considered more fully in a. 
f later chapter, and here we need only say that it is entirely 
a negative property ; it may be expressed in a general w T ay by 
the statement that inanimate bodies are incapable by them- 
selves of changing their state of rest oi* motion. 

2. THE THREE STATES OF MATTER. 

i. Solid. — Procure a lump of ice and notice that it has a 
particular shape of its own, which so long as the day is sufficiently 
cold, remains fixed. 

ii. Liquid. — With a sharp hrad-awl or the point of. a knife break 
the ice up into pieces, and put a convenient quantity of them into a 
beaker. Place the beaker in a warm loom, or apply heat from a 
laboratory burner or spirit lamp. The ice disappears, and its place 
is taken by what we call water. Notice the characters of the 
water. It has no definite shape, for by tilting the beaker the water 
can be made to flow about. 

iii. Gas. — Replace the beaker over the burner and go on warming 
the water. Soon the water boils, and is converted into vapour, 
which spreads itself throughout the air in the room, and seems to 
disappear. The vapour can only be made visible by blowing cold 
air at it, when it becomes white and visible, hut is really no longer 
vapour, but has condensed into small drops of water. 

iv. Change from solid to gas. — Warm a Florence flask by twirling 
it between the linger and thumb above the flame of a laboratory 
burner. When it is too warm to hear the? finger upon the bottom, 
introduce a crystal of iodine, and notice it is at once converted 
into a beautiful violet vapour. 

v. Gradual change of state.— Warm a lump of sealing-wax or 
bicycle, cement in an iron spoon, and notice the gradual conversion 
into a liquid. 

States of matter.— Solids, liquids, gases.— The fact that 
there are three kinds of material things is well known to ew>ry 
one, and has been stated already. We must now add to this 
another idea, viz., that the same matter can exist in three 
different states. 

In Experiments 2 i.-iii., the same form of matter has been 
made to assume three states ; in other words, ice, water, and 
steam are the same form of matter in the solid, liquid, and 
gaseous state respectively. 

The change from one state to another may be sudden or 
gradual. — The circumstances attending the change from the 
solid to the liquid, or from the liquid to the gaseous state, are 
not always the same as in the case of water. When solid 
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iodine is heated, it appears to pass suddenly from the condi- 
tion of a solid to that of a gas. Camphor is another instance 
of this sudden transition from solid to vapour. When, on the 
other hand, sealing-wax is heated, it very gradually passes 
into the liquid condition, and may he obtained in a kind of 
transition stage — neither true solid nor true liquid. 

There is no hard and fast line between these three conditions 
of matter. The reader will find as his knowledge extends 
i%t intermediate states of matter are known between those 
described, but for the present it will be best to confine the 
attention to this simple division, reserving for future work a 
study of these gradations. We shall now consider the dis- 
tinctive, properties of solids, liquids, and gases. 


3. DISTINCTIVE CHARACTERS OF SOLIDS. 


i. Stretching of india-rubber. — Fix one end of a piece of india- 
rubber cord, or tubing, about two feet long, to a support (Fig. 2). 
Stick two pins through this cord aUmt 18 inches 


apart. Tie the lowor end of the cord into a loop, 
and then hang a weight by means of a hook from 
it. Measure the distance between the pins be- 
fore and after putting on the weight. Repeat 
the experiment with different weights. You 
will notice that the cord can be stretched or 
elongated, because the weights exert a pulling 
force; upon it. If a long metal wire is used in- 
stead of the cord, the stretching can be measured 
in a similar way, but it is much lefts ; for instance, 
a brass wire; inch in diameter and eleven 
feet long elongates about JL inch when a weight 
of %8 lbs. is pulling it. 

ii. Bending of a lath. — Procure a flexible wooden 
lath, and fix it horizontally by clamping one end 
of it firmly. To the other end attach a pin by 
means of a little wax. Place a rule vertically 
near the pin, as in Fig. 3. Hang a weight from 
the free end of the lath, and observe the amount 
of bending. Keeping the same weight, clamp 
the lath so that only half the previous length 
can he bent, and again notice the amount of 
bending. Try also with other lengths. 

iii. Twisting of a wire.— Suspend a wire with 



a weight at its lower end, and under it a circle 
divided into degrees in a maimer similar to that 
shown in Fig. 4. Notice, the position at which 
the weight comes to rest ; then twist the weight 


Fig. 2.— Experiment 
to illustrate the lon- 
gitudinal stretching 
of an india-rubbe** 
rord. 
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through a certain angle, and let it go. The weight untwists back to 
' the starting point and beyond it, and then spins in the way it was - 
twisted, and goes on oscillating in this manner until it comes to 



Pig. 3.— Measurement of the bending of a lath. 


rest. Observe how long the weight takes to make ten or fifteen 
complete spins. Repeat the observation with wires of different 

lengths and diameters, and made 
of different metals. The time 

J i -j of an oscillation depends upon 

|| the tendency to untwist, so that 

> * If . the experiment shows that this 

^ I depends, among other things, upon 

1; the length, diameter, and nature 

I of a wire. 

Jy iv. Tenacity.— Suspend a balance- 

I] pan from the lower end of a thin 

j |l copper wire attached to a beam. 

’ , II Add weights to the pan until 

“-rr ; l|lLw_. the wire breaks. The force re- 

3 j|pl cpiired to break the wire is the 

joint weight of the balance^pan 
jgT — - Jr~* flllf l the weights in it. Repeat 

j jigB" the experiment with wires of 

— the same diameter but made of 

Fm. 4.— Elasticity of torsion. different material. 


Rigidity. — A solid body does not readily alter its size or shape. 
It will keep its own volume and the same ftrm unless subjected to 
a considerable force. — Another way of expressing the facts 
contained in the definition is to say that solids possess rigidity. 
Hard solids arc more rigid than soft ones. Liquids, on the 
other hand, possess no rigidity, but the opposite property of 
flowing or fluidity. Liquid pirticles slide over one another so 
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easily that the surface of a liquid at rest is always horizontal. 

"Fine sand may be made to flow, but the particles, however, do 
not move freely over one another, so the surface is left uneven, 
which fact provides us with a clear means of distinguishing 
between a solid and a liquid. 

Solids possess elasticity. —It has been shown already that 
elasticity can be called into play in solids by pressure, and 
also by pulling, bending, or twisting. It would take us 
too far into the subject of Physics to describe how the 
elasticity has been measured in these cases, but that there is 
an alteration of form when solids are treated in these ways is 
shown clearly by the results of Experiments 3 i.-iii. 

Solids possess tenacity, ductility and hardness.— The 
force required to tear asunder the particles of a body varies 
with different materials ; in other words, some substances are 
more tenacious than others. 

Tenacity is measured by ascertaining what weight is necessary 
to break solids when in the form of wires. — In making the 
measurement of tenacity, the area of the cross section of the 
wire must first be estimated carefully. By the cross section 
is meant the area of the end of the wire when it is carefully 
filed to be at right angles to the length. This cross section is 
estimated by measuring the diameter of the wire and 
calculating. 1 

It is found that a wire of twice the cross sectional area of 
another is just twice as tenacious. Evidently, then, if w T e 
wish to compare the tenacity of two wires of different materials, 
it will make the experiment much simpler if wires of the same 
cross section are selected. Oast steel is the most tenacious of 
all metals, being about twice as much so as copper and forty 
times as tenacious as lead. But the tenacity of steel itself is 
exceeded by that of unspun silk, while single fibres of cotton 
can support millions of times their own weight without breaking. 

Ductility is the property by virtue of which solids can be made 
into wires. — A ductile material is thus one which can be drawn 
out. The change of form in this case is produced by pulling. 
Malleability is a similar property to ductility, but the change of 
form is brought about by the application of pressure ; gold, 

d- 

i Area of cross section =~ x . • 

7 4 
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copper, and lead, for instance, can be beaten out into thin* 
* plates, and are therefore malleable substances. Lead is an 
example of a malleable material which is not ductile — it can he 
beaten out but cannot be drawn into wires. A solid which 
can be easily m oulded int o any sli&pe^ which it al§Qjretains, 
is sa id to ..bej?lastic. An example is modelling clay. 

Platinum is the most ductile and gold the most malleable 
metal known. Platinum has been drawn out into wire so fine 
that a mile of it weighs only one and a quarter grains. (Sold 
has been beaten into plates so thin that it would require three 
hundred thousand of them placed one above the other to make 
a layer an inch thick. 

Hardness is the property by virtue of which solids offer resist- 
ance to being scratched or worn by others. — This is a property of 
great importance in the study of minerals, as it often affords a 
ready means of distinguishing them. The method of measuring 
hardness consists in selecting a, scries of solids, each one of the 
scries being harder than the one above it, and softer than the 
one below it. At one cud of the series, therefore, the hardest 
solid known is placed ; at the other end, the softest which wc 
may wish to measure. A hard solid is frequently also brittle, 
that is, it is easily broken when we attempt to bend it, or 
when we subject it to a blow. Very hard steel is also very 
brittle. 


4. DISTINCTIVE CHARACTERS OF LIQUIDS. 

f 

i. Viscosity. — Procure specimens of treacle and pitch. Soften the 
latter. Compare the consistency of the treacle and the softened 
pitch with that, of water, and note the gradual increase in the 
viscosity of the liquids. 

ii. Liquid at rest. —Into a shallow glass vessel pour enough 
mercury to cover the bottom. Attach a ball of lead to the end of a 
fine string, and so construct a jt/umh-liue. Hang it over the surface 
of the mercury, and notice that the line itself and its reflection are 
in one and the same line. If this were not the ease, that is, if the 
image slanted away from the plumb-line itself, we should know 
the surface of the liquid was not horizontal. 

iii. Drops. — Sprinkle some powdered resin on a hoard and then a 
little water. Notice the water eolleets in drop* ; the smaller they 
are, the more nearly spherical they are. Observe the same thing 
with mercury on a sheet of paper. 

iv. Drop of liquid inside another liquid. -Mix methylated spirit 
and water until a few drops of oil just float, when the mixture is 
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.quite cool. Pour fresh oil, by means of a pipette, into the middle 
of the mixture. Notice spherical globes of oil can thus be formed. 

v. Drops can unite. — Observe that drops once formed can be made 
to run together again by coming in contact. 

vi. Cohesion. — Carefully clean and polish two pieces of plate glass, 
and then place one on the other. The two surfaces will be found to 
cohere , and considerable force will be required to separate them. 

A Liquid easily changes its shape but preserves its 
volume. — We have now' to learn the leading properties which 
liquids possess, which distinguish them from solids on one 
hand and from gases on the other. We have learned already 
that, being forms of matter, they have certain general characters 
in common with all other material things ; but what is there 
about a liquid which makes us give it a name of its own ? A 
liquid adapts itself to the shape of the vessel containing it, but the 
conditions remaining the same, it keeps its own Bize or volume, 
however much its shape may vary. When it is not held by the 
sides of a vessel it at once flows. This is the commonest everyday 
experience. You cannot get a pint of water into a glass of half a 
pint capacity. It does not matter what the shape of the bottle 
or jug may be— providing it holds a pint, as we say, or provided 
its capacity is a pint, the quantity of water taken to fill it 
exactly is always the same. If we turn the jug upside down, 
the water all runs away because there is no part of the vessel 
to prevent it from flowing. Moreover, the surface of liquids 
enclosed by a vessel is always level. 

The flow of liquids. Viscosity.— The power of flowing is 
not perfect in liquids. The small particles making up the liquid 
always stick to one another a little, and when any part of a 
mass of liquid moves, it always attempts to drag the neighbour- 
ing particle, which is at rest, with it. We can sum this up by 
saying that liquids would flow perfectly if they possessed no 
viscosity. Those liquids which have little viscosity, or, what is 
the same tiling, are very mobile liquids, are instanced by alcohol 
and water ; while treacle and tar have little mobility, but art; 
very viscous. Evidently, then, there is a gradation in those 
forms of matter which have as yet come before our notice. At 
one end we have very mobile liquids, which as the viscosity 
increases flow less and less easily, until at last there is no power 
of flowing at all, ami we have the solid form of matter. 

Liquids find their level. — If several vessels of tlie most 



12 


LESSONS IN SCIENCE 


varied shapes (Fig. 5) are in communication with one another,, 
and water be poured into any one of them, we shall find that as 

soon as the water has 



come to rest it will stand 
at the same level in all 
the tubes, however 
different the form of the 
vessels may be. It is 
this property of liquids 
which is utilised in the 
construction of the water- 
level. This consists of a 


horizontal tube connected 


Fig. 5.— Vessels of various kIimjkis in communica- 
tion. Water standing at same level in all. 


to a small length at each 
end held vertical ly. The 


upright portions of the tube are of glass, so that the level of 
the water in them may be easily seen. However the arrange- 
ment of tubes may be standing, the line joining the two surfaces 



Fig. 0.— Arrangement to show principle of water level. 

will always be level. This is of great service to surveyors and 
such people who must be able to find a level line for the purpose 
of their observations. , 

Liquids communicate pressure equally in all directions. 

— It will be desirable first to satisfy ourselves that liquids 
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•communicate pressure, and then try to understand the second 

part of the statement, that they communicate it equally in 

all directions. Imagine we have two cylinders in connection, 

as shown in Fig. 7. Into each cylinder fit a 

piston with a plate attached to the top. If A 

we push one piston down, we notice that 

the other moves up. If we put a weight, say 1 . V 

10 lbs., on to each piston, they will balance one I tk 

another exactly, and there is no movement PP i — II — ■ 

in either case. Each piston is pressed up- I | I 

wards and downwards to an equal degree, §|3 LJLJ 

and in consequence does not move at all. pP 

The experiment can be varied by making 

one cylinder horizontal, while the other re- i7ydrostat?c 

mains vertical. In this case, also, if we push pressure. The 
, . . i i two cylinders arc 

in the horizontal piston we notice that the of the same size, 

upright piston rises in just the same manner the "Sm* 

as before, showing us that pressure is com- balance one an- 
municated in different directions. Fig. 8 shows 
a rubber ball pierced with small holes, and containing water. 
On squeezing the ball it is easily seen that pressure is com- 
municated by a liquid equally in all directions. J 

Hydraulic press. — Reverting to the first example in the last 
paragraph, and glancing at Fig. 7, suppose that the surface of 
j the piston on the right 

1^0***'' had been twice as great 

\ as °^ ier > ar| d that, 

| '• p f f jggr as before, weights of 10 

ife JggpBg} I B P lbs. had been placed upon 

each piston. They would 
v-v- no longer balance ; the 
/ \ wBlkti right-hand weight would 

,, ,, „ _ f be pushed upwards, and 

Fig. 8.— Equality of liquid pressure. 1 . 1 . 

to bring about a balance 
it would be found necessary to put 20 lbs. on the larger piston. 
Similarly, had the right-hand piston been a hundred times larger, 
we should have to put 1,000 lbs. upon it to bring about a balance. 
The upward force, then, is proportional to the extent of the sur- 
face of the piston. This principle, which seems so different from 
what we should naturally expect, is referred to as the hydrostatic 


Fig. 8. — Equality of liquid pressure. 
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paradox, and is utilised in the hydraulic press, called, after its 
inventor, the Bramah press, which is shown in Fig. 9. Here 

we have exactly the con- 
dition of things just de- 
scribed, two cylinders in 
connection, with pistons 
fitted into them, one much 
larger than the other. The 
application of a compara- 
tively small force to the 
small one is felt on the 
larger one, and it is as 
many times greater in an 
upward direction as the 
piston of B is larger in 
area than the piston in A. This great upward force is being 
used in the instance shown in the diagram to compress bales of 
wool. 



Km. a. - Hydraulic press. 


Liquids can be separated into drops which will run 
together again. — Liquids are able to form drops because of a 
property, known as cohesion, which they possess. The larger 
the drop which can be formed the greater is the cohesion 
between the particles of the liquid. 

Cohesion is the mutual attraction which the particles of a body 
exert upon one another ; it is, indeed, the force which keeps the 
particles of a substance together. Cohesion is strongest in 
solids, which in its absence would crumble into powder ; it 
act s between the particles of liquids, but in gases it may be said 
to be absent. 

Cohesion differs from another similar property possessed by 
some kinds of matter and known as adhesion. Adhesion 
denotes the attraction between unlike particles of matter. A 
metal plate may be made to adhere to glass ; and a postage 
stamp may be said to exhibit tlie existence of the force of 
adhesion when it is stuck upon an envelope. 

Experiment 4 iv. makes clear the difference between this 
adhesion exhibited between the postage stamp and the envelope 
and the force of cohesion. 

Characters of gases. — It has already been explained that the 
leading difference between a solid and a liquid is the power of 
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flowing which the latter possesses. Cases also possess fluidity, 
and to a much more marked degree than liquids. Tint whereas 
liquids are almost incompressible, gases are very easily com- 
pressed into a much smaller space according to a definite 
law, viz., just in that ratio in which you increase the pressure 
on a gas do you decrease the volume which it occupies, the 
temperature remaining the same throughout the process. 
Nor are these the only differences. A liquid always adapts 
itself to the shape of the containing vessel, and presents a level 
surface; a gas, on the other hand, will, however small its 
volume, immediately spread out and do its best to fill a vessel, 
however large ; and it does not present any surface to the sur- 
rounding air. We can never say exactly where the gas leaves 
oil and the air begins. Another distinction will be more fully 
appreciated after we have considered the action of heat upon 
the volume of bodies. We shall learn that, generally speaking, 
all bodies become larger as they are heated ; this is very much 
more, decidedly the rase with gases than with liquids. Gases, 
then, are easily compressible and expand indefinitely. 

We shall learn that gases expand equally when heated to 
the same extent, but this fact and others will be much better 
understood in their proper places. 

5. MATTER CANNOT BE DESTROYED. 

i. Weight of water and steam. -- Roil water in a flask or a retort, 
as in Fig. 23(>, and catch the condensed steam, taking care that none 
escapes, in another flask kept eool by resting in water. The water 
thus collected will be found to have the same weight as that 
boiled away. 

ii. Weight of ice and water. — Place a piece of ice in a flask sus- 
pended from one arm o‘f a balance. Counterpoise the flask with 
the ice in it ; then melt the ice by warming the flask, and show 
that the counterpoise is unaltered. 

iii. Weight of salt after dissolving.— Put some warm water in a 
flask and some salt in a piece of paper. Counterpoise the flask of 
water and the paper of salt, together and then dissolve the salt in 
the water. The total weight remains unaltered. 

iv. A burning candle produces moisture. -Over v burning candle 
hold a white glass bottle which has been carefully 

out. Observe that the inside of the bottle becon covered with 
mist and after a short time drops of liquid are. ft 
down the sides of the bott le. The burnimj of the re mile has resulted 
in the production of a new form of matter. 
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y. A burning* candle produces a gas. — Allow tho candle to lmrn in 
a similar bottle placed on the table. After a time the candle ceases 
to burn. When this has happened take the candle out and cover 
the bottle over with a glass plate. Notice that no change seems to 
have taken place in the gas which tilled the bottle. Now pour 
some (dear lime-water into another clean bottle and shake it up, 
the lime-water remains almost if not quite clear. Lift off the glass 

E late and do the same with the bottle in which the candle has been 
urnt ; the lime-water becomes milky. The burning of the candle haft 
also resulted in the formation of a new kind of matter , viz . , a gas 
which causes dear lime-water to become cloudy. 

Constancy of weight in different states.— When a solid 
is converted into a liquid, or a liquid 6 into a vapour, no change 
of weight is experienced. This has been found to be true in all 
cases. * 

No kind of matter can be destroyed. -?There is a certain 
fixed amount of matter in the universe which never gets any less 
and never any greater. If we confine our attention to the earth, 
we cannot say that it never receives an addition to the matter of 
which it is built, for every year it is receiving numbers of small 
solid bodies which are continually falling upon its surface from 
outside space. But the proposition means that in those cases in 
which it is popularly supposed there is a loss of matter, for 
instance when a fire burns out, no such destruction has taken 
place, but only a change in the form assumed by the matter. 
It will make the statement quite clear if we follow out what 
really takes place when a candle burns, and, as it would seem, 
gradually disa] >pears. 

When a candle burns it ceases to exist as tallow or wax, 
or whatever the candle is made of, and assumes new forms, 
still material, one liquid, the other a gas which makes lime-water 
become milky. If we weigh all the liquid formed and all the 
gas which renders lime-water milky, we find that the weight of 
these two things together is .actually more than that of the part 
of the candle which has disappeared. The reason why there is 
an increase of weight will be explained later. The arrangement 
for performing this experiment is shown in Fig. 10. The candle 
is burned in a wide tube, fitted with a cork at the bottom with 
holes in it to allow the air, which is necessary to help the candle 
to burn, to pass in as shown by the bent arrows. The tube is 
filled with a substance which has the power of arresting the 
products of the burning. Such a substance is caustic soda, 
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which is used in the form of lumps. Before the experiment is 
started, the apparatus is weighed. After the candle lias burnt 


for a few minutes, it will 
be found that the tube has 
increased in weight. Wo 
are quite sure, therefore, 
that there has been no loss 
of matter. 

Similar experiments to 
these with candles may be 
also carried out with ordi- 
nary lamp oil or petroleum. 
The same two substances 
are produced ftp- the re- 
sult of the burning, and 
the same proportion of ail* 
is used up. Replacing the 
lamp glass and candle by 
a small oil lamp we could 
show that there is in this 
case also no loss of weight. 

Chemists have satisfied 
themselves that this fact is 
universally true, and it 
must be remembered as a 
matter is indestructible. 


A-' 



I* Hi. 111. 

ruth of the highest importance, 


CHIEF POINTS OF CHAPTER I. 

Matter. — When we speak of matter we mean all things which 
exist in or out- of our world, which we can become aware of by the 
help of our senses. 

Properties are certain effects caused by the things which are said 
to possess them. 

Properties possessed by matter.— Matter occupies space, offers 
resistance, possesses weight, and transfers motion to other tilings 
when it strikes against them. 

The same matter can exist in three different states. -The t hree 
states of matter are the solid, liquid and gaseous. By suitable 
means, as in the experiments described in the chapter, the same 
portion of matter can be made, to assume these states in order. 
Sometimes the change from one state to another is gradual, some- 
n.s. i. n 
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times sudden. There is no hard and fast line between the three 
conditions of matter. 

Distinctive characters of solids. — A solid body does not readily 
alter its size and shape. It will keep its own volume and the same 
form unless subjected to a considerable force. Or, solids possess 
rigidity. Solids communicate pressure in one direction only. 

Solids possess elasticity, tenacity, ductility and hardness. 

Elasticity is the tendency to go back to the original form or volume 
after being forced out of it. 

Tenacity is measured by ascertaining what weight is necessary to 
break solids when in the form of wires. 

Ductility is the property by virtue of which solids can be made 
into wires. 

Malleability is a similar property to ductility which enables 
certain solids to be beaten out into sheets. 

Hardness is the property by virtue of which solids offer resistance 
to being scratched or worn by others. 

Distinctive characters of liquids. —A liquid adapts itself to the 
shape of the vessel containing it, but the conditions remaining the 
same, it keeps its own size or volume, however much its shape may 
vary. 

liquids possess fluidity. — When a liquid is not held by the sides 
of a vessel, it at once flows. This power of flowing is not perfect in 
liquids, or liquids are not perfectly mobile. They all possess a 
certain degree of viscosity. 

Other properties of liquids.- -They find their level. They com- 
municate pressure equally in all directions. They can be separated 
into drops which will run together again. 

Distinctive characters of gases. — They possess fluidity to a much 
more marked degree than liquids. Unlike liquids they can easily 
be compressed into a much smaller space. A gas, however small its 
volume, will spread out and do its best to fill a vessel, however 
large. Expressed shortly, gases are easily compressible and expand 
indefinitely. 

Constancy of weight in different states.— When a solid is converted 
into a liquid, or a liquid into a vapour, no change of weight is 
experienced. 

Matter is indestructible. —There is a certain fixed amount of 
matter in the universe which never becomes any less and never any 
greater. Whatever changes may occur in the composition of matter 
there is never any loss of weight. 


QUESTIONS ON CHAPTER I. 

1. What do you understand by “matter,” or, a “material 
thing”? 

2. Give some of the properties which are possessed by all kinds 
of matter and explain in your own words what is meant by a 
property. 
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3. Describe experiments which prove : — 

(a) That solids are porous. 

(b) That liquids contain pores. 

4. What experiment could you perform to show that a solid, say 
a billiard hall, is elastic? Explain as well as you can what you 
mean by elasticity. 

5. The same portion of matter can. under suitable conditions, 
assume different states. Describe fully some experiment which 
illustrates this statement. 

6. What evidence can you give that the different states of matter 
gradually shade into one another ? 

7. What properties are generally associated with matter in the 
solid form ? Give a definition of a solid which includes the chief of 
these. 

8. In what respects are liquids different from solids? 

9. How do gases and liquids differ? 

10. What property in particular is possessed by liquids and not 
by solids ? And what character has a gas which neither liquids nor 
solids possess ? 

11. What property is it which liquids possess which enables them 
to form drops ? Describe another experiment which also shows the 
possession of this property by liquids. 

12. Give in the form of a definition the distinctive properties of a 
liquid. What name do we give to the property which prevents 
liquids from being perfectly fluid and what do you know r about it ? 

13. Describe experiments in support of the assertion that liquids 
communicate pressure equally in all directions. 

14. Wluat is meant 'by the “ hydrostatic paradox”? Describe 
some useful apparatus in which this principle is utilised. 

15. How would you show by experiment that the weight of the 
same portion of matter in different states is constant ? 

16. On what grounds is the assertion based that “Matter is 
indestructible ” ? 



CHAPTER II. 

MEASUREMENT OF SPACE. 


6. LENGTH. 


i. Simple measurements. — Obtain a rule divided into indies and 
eighths or sixteenths of an inch oil one edge, and tenths on the 
other edge. Measure the length, or width, of any convenient 
object, such as the top of a table or desk. Write down the length 
in feet, inches, and fractions of an inch, thus : 

Width of desk, 2 feet, of* inches. 

Length of sheet of foolscap paper, ] foot, 1J inches. 

ii. Decimal fractions. — Look at the part of a rule having inches 
divided into tenths. How many tenths are there in half an inch? 
The tenths of an inch can be written like common fractions, for 
instance, A signifies one-tenth, and -/V means three-tenths. A 
more convenient way is to separate the inches from the tenths hy 
means of a dot. Thus, a length of f> , : V in. is written on tin's Decimal 
System as (i'll. The two ways of writing tenths in common and 
decimal fractions may he compared as follows : 


Common \ 
fractions/ 
Decimal \ 
fractions / 


A tu {'a tV t<7 Vo io A A lif 

01, 0-2, U-3, 0-4, 0-r>, 0(1, 0*7, O S, 0*9, 1 


iii. Measurements in tenths. — Measure one or two small objects 
as before, using the part of your rule divided into inches and tenths. 
Write down the number of inches and tenths ; thus, length of a new 
lead pencil, 7’1 inches. 

iv. Metric measures of length. — {a) Look at a rule divided into 
inches and parts of an inch on one edge, and metric measures on the 
other, as in Kig. 11. The smallest divisions upon the metric scale are 
millimetres (mm . ) ; 10 of these millimetres make 1 cen/imetre (cm . ), 
10 centimetres make a decimetre {dm.), and 10 decimetres make 
1 metre. A metre thus contains 10 decimetres, 100 centimetres, and 
1000 millimetres. 

20 
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(b) Find how many millimetres there are in the length of this 
page. Write down the result in (1) millimetres, (2) centimetres 
and tenths of a centimetre, (3) decimetre and tenths and hundredths 
of a decimetre. 



Fio. H. —A ruler showing Inches and tenths, Centimetres and Millimetres. 


v. Relation between Metric and British measures of length.— 

(a) Measure the length of this page both in inches and centimetres ; 
also determine other lengths in the two systems of measurement. 

Put down the results in parallel columns, as shown below, and 
from them calculate the number of centimetres in an inch. 


Length in centimetres. 

Length in inches. 

No. of centimetres. 
No. of indies. 





(b) Upon the hack of an ordinary tape measure, mark off a length 
equal to 1(H) centimetres, that is, 1 metre, starting from the point 
where the inches begin on the other side. Prick a hole through the 
measure at the point where you mark the lengt h of a metre, then 
turn over the measure and notice where the hole occurs on the inch 

scale. Number of inches in one metre —39 *3. 

Number of centimetres in one yard — 91*4. 

British measures of length. — To secure uniformity, and 
provide a permanent length with which others may be compared 
if necessary, a standard of length lias to be agreed upon, and 
this lias been described as follows in a publication of the 
Standards Department of the Hoard of Trade: “In the 
Imperial system of measures the yard is the unit of length, 
and from this measure are derived all other measures of 
extension based on that system, whether linear, superficial, or 
solid. It is represented by the distance between two line lines 
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traced on a metal bar which is deposited with the Board of 
Trade. This bar is made of bronze or gun metal ; it is 38 
inches long, and one square inch in section, the defining lines 
being traced on gold plugs or pins inserted at the bottom of a 
cylindrical hole near to each end of the bar.” 

Metric measures of length.— When new standards of 
measurement were being considered in France, in 1705, French 
geometricians decided that an arbitrary standard such as our 
yard, in view of the chance of its loss or destruction, was an 
undesirable one, and they suggested that if a fraction of the 
circumference of the earth were taken, it would be possible 
in the event of the loss of the standard, to replace it by an 
exact copy. They proposed the one ten -millionth part of the 
distance from the earth’s equator to the pole — that is, of the 
earth’s quadrant — as a suitable length, and this they called the 
metre. After bars had been prepared of this length it w T as 
unfortunately found that the length of the quadrant had not 
been exactly determined, and consequently the length of the 
standard metre at Sevres is arbitrary. An exact copy of this 
standard is kept in this country ; and for our purposes the 
metre may be defined as “the length, at the temperature of 
0° C., of the iridin-platinum bar, numbered 10, deposited with 
the Board of Trade.” It is equal to 39 37079 inches, or briefly, 
3 feet 3‘3 inches. The metre is subdivided into ten equal parts, 
each of which is called a decimetre ; the tenth part of the 
decimetre is called a centimetre, and the tenth part of the 
centimetre is known as a millimetre. Thus, we get 
10 millimetres =1 centimetre 
10 centimetres'* . 

100 millimetres] =1 decimetre 
10 decimetres 


100 centimetres J- = l metre 
1000 millimetres J 
The multiples of the metre are named deka-, hekto-, and 
kilo-metres. Their value is seen from the following table : 

10 metres =1 dekametre 
100 metres = 1 hektometre 
1000 metres- 1 kilometre 

The kilometre is equal to about five-eighths of a mile, or eight 
kilometres are equal to five miles. 
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7. AREA. 

i. Square inches. — Mark off lengths an inch apart from one corner 
along the bottom edge of a page of your exercise book, or of a sheet 
of paper. Draw lines straight up the page from each of these 
marks perpendicular to the edge of the paper. From the same corner 
mark off lengths of inches on the side edge of your payier, and draw 
lines across the paper parallel to the bottom edge. You will thus 
divide the paper into square inches. Count how many square 
inches there are in one row, neglecting the parts of a square inch 
which may happen to l>e over at the end, and then count the 
number of rows. By multiplying these two numbers together, 30 U 
will evidently obtain the total number of square inches. 

ii. Length and width. — Draw an oblong 4 inches in length, and 
3 inches in width or height, and divide it into square inches as 
before. Notice that the number of square inches is equal to the 
length multiplied by the height. 

iii. Rule for areas of oblongs.— The preceding exercises have 
shown that, to find the area of a square or an oblong, it is only 
necessary to multiply the length of the bottom or base by the 
height. 

iv. Square inch and square centimetre.— (a) Draw two rectangles 
and determines their areas both in square inches and square centi- 
metres ; use your results to find the number of square centimetres 
in one square inch, thus : 


Area of a given rectangle 

Area of sarno rectangle 

Square centimetres. 

in square inches. 

in square centimetres. 

Square inches. 





(b) Draw a square inch and divide it up into square centimetres 
as shown in Fig. 12. Notice? that it takes about six and a quarter 
square centimetres to make one square inch. 



Fig. 1 2. — Square inch 
divided into square centi- 
metres. 


Measurement of area,— If the floor 
of a room had to be carpeted, it would 
not be enough te> measure the length of 
the room only, or its width only, because 
both of these arc measures of length. 
To know how much carpet is necessary, 
the amount of surface the floor has, or 
its area must be found. To do this, both 
the length and width of the floor must 
be measured, and if the room is square 
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or oblong, the area can be found by multiplying the two 
numbers together. When the length and width are measured 
in feet, then, by multiplying them together, the area of the 
floor in square feet is obtained ; when the measurements 
of the length and width are taken in inches, the area in 
square inches is obtained by multiplying the two numbers 
together. 

Whenever areas are measured in this country, square inches, 
square feet, square miles, or some other unit from square 
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Fig. 13. —This represents a square yard on a small scale. Each small 
square represents a square inch, and the large squares hounded by thick 
lines represent square feet. 


measure is employed. “Square measure” is obtained from 
“long measure” by multiplying. Thus, as there are 12 inches 
in a foot, there are 12 x 12 square inches in a square foot. This 
will be understood by examining Fig. 13. Each of the large 
squares bounded by thick lines represents a square foot, but it 
is of course smaller than a real square foot. 

In the metric system also it is the custom to refer to an area 
as of so many square centimetres, or square metres, as the case 
may be. 
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Fig. 14 shows, on a scale giving one-quarter the actual area, 

a square decimetre di- 
vided into square cen- 
timetres. The area, 
as drawn, being one- 
quarter of a decimetre, 
the length of each side 
is half a decimetre or 
five centimetres. 

8. VOLUME. 

i. Cubic inch. — Obtain 
a bar of soap, and cut 
one end so that it is 
square with two sides. 
From one corner, where 
the end and these two 
faces meet, mark off' the 
length of an inch along 
the three edges. Scratch 
a line along the soap from each of the points thus obtained, and 
square with the edge. You will then have three square inches 





Fm.l/). — How to mark and cut out a cubic inch or cubic centimetre from 
a piece of soap. 
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marked upon the soap. By cutting deep along these lines a cube of 
soap having each of its edges an inch in length, and each of its faces 
a square inch in area, is obtained. This is a cubic inch (Fig. 15). 

To test whether your cubic inch is true it could be compared 
with one of the wooden cul>es sold for kindergarten teaching. 

ii. Cubic centimetre. — Using soap, cheese, clay, or similar material 
as before, cut one end square with the faces, and then mark off a 
length of one centimetre along three edges meeting at one corner. 
Scratch lines from each of these points so as to mark three square 
centimetres upon the material used, and then cut along the lines to 
obtain one cubic centimetre, as in the previous exercise. Compare 
this cube with the cubic inch. If you have time and material, cut 
a rod of plastic substance sixteen centimetres long and one square 
centimetre at each end. Divide this into sixteen cubic centimetres, 
and them show that the culic made by pressing these together is 
of about the same size as a cubic inch. 

iii. Standard capacity boxes. — (a) Cut out of cardboard a figure of 
the shape shown in Fig. 16, and of the size indicated by the numbers. 



Fj<j. 16. — Construction of a box to hold 1 cubic decimetre, that is, 1 litre. 

Cut the cardboard half-way through at the dotted lines, and then 
bend it to form a cubical box. Bind the edges together with glued 
tape,, and varnish the box inside and out to make it watertight. 
This box will hold one cubic decimetre of liquid, and this capacity 
is (sailed one litre. 

{b) Make a similar box having sides one inch in length, so that 
it will hold one cubic inch. Also, if time permits, make a box to 
hold one cubic centimetre. 
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iv. Cubic inch and cubic foot.— Procure a box or a block one cubio 
foot in size. Divide the top and the other faces of the cube into 

square inches (Fig. 17). Notice 
that the area of each face of 
the cubic foot is one square 
foot. Count the number of 
square inches marked on one 
face. Notice that 144 cubic 
inches could be cut out of a 
slab of the cube one inch thick. 
How many slabs having a 
thickness of one inch could be 
cut from one cubic foot, and 
how many cm bio inches are 
there altogether in such a 
cube ? 

Fir;. 17 — To t-hmv the relation between 1 Cubic centimetre 

cubic decimetre. — Using w ii 
block one cubic decimetre in 



—To *?liow the relation between 1 
cubic incli and I cubic foot. 


size, divide the top find faces into square centimetres. How many 
square centimetres are there in each face? How many cubic centi- 
metres arc there in a slab one centimetre thick ? How many cubic 
centimetres go to make one cubic decimetre? (Fig. IN). 



Fhj. IS.— To show the relation between 1 cubic centimetre and 1 cubic 
decimetre. 


vi. Fluid measure. — Obtain a half-pint, graduated glass measure, 
such as is used by photographers; obtain also a smaller one (Fig. *21). 
Examine the divisions upon them : they represent fluid ounces, or 
parts of a fluid ounce, in Apothecaries’ measure. 

vil. Graduated measuring jar.— (a) Obtain a jar graduated into 
cubic centimetres, like that in Fig. 10. Test the accuracy of your 
cubic decimetre box by pouring 1000 cubic centimetres of water, as 
measured by the graduated jar, into the box, and noticing whether 
the water just tills the box. 
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viii. Relation between British and metric measures of capacity.— 

(a) Use graduated jars to determine : (1) The number of cub. cms. 
in 1 fluid ounce ; q 

(2) the number of BURETTE 

ounces and drachms 

in 100 cub. cms. ; — 

(3) the number of 

ounces and drachms __ 

in 1000 cub. cms. I 

(ft) Fill a mesas- HI — 

ure up to the half- GRADUATED 1 4- 

pint mark with jar | 

water. Pour the fM i iTt \ 

water into the me- ''cX? Wll'IlilPiliiiifllMpiw 

trie graduated jar, PIPETTE I T" 

and so find the num- p 4 _ k: 

ber of centimetres \\ •: 

in a half-pint. Re- \\ || UJ 

peat the operation, \\ I, -^ 1C0 

so as to determine I- ^ Hl 

the number of cubic !j : ^ j 

centimetres in one \ \ ijy 5 " flask* 

pint. V \ ■ —no | 

^ ^ " ^ ^ ^ 

o.o. in Jiritish meas- " --T__r=z— 

ure. Fio. I 1 .'. Oiwliint4*rl in<»u<uriiig vessels. 


\rL-'Z 


ix. Volumes of solids determined by displacement.— (a) Fill a 

metric measuring jar about half way up with w r ater. Notice 
the level. Hold a cubic inch of wood in the water by means of a 
long pin. Notice tlie rise of level. The 



Fio. 20. —The rise of lovcl 
of the water when the stone 
is put in shows the volume of 
the stone. 


difference between the two levels evi- 
dently represents the number of cubic 
centimetres equal to one cubic inch. 

(ft) Determine the volume of a stone 
or any irregular solid by observing the 
difference of level when it is immersed 
in water (Fig. 20). 

x. Burette. — Examine a burette (Fig. 
20). Notice that tins divisions arts num- 
bered from tins top downwards. Fix the 
burettes upright in a clamp, and about 
half fill it with water. Notice the level. 
Find the volume of a stick of slate pencil 
by gently lowering it into tins water and 


noticing the rise of level produced. (The 
pencil must, of course, be completely immersed in water.) 
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Measurement of volume. — The volume of a thing is its size, 
or bulk, expressed in proper units. In dealing with volumes, 
three dimensions have to be considered. Just as a plane surface 
or area measuring one foot in each of the directions — length and 
breadth — is called a square foot from the name of the figure 
which it forms, so a solid which is obtained by measuring a foot 
in three directions — length, breadth, and thickness — is called a 
cubic foot, from the name cube given to the solid so formed. 
Similarly using the Metric system, we may speak of a cubic 
metre, or a cubic decimetre. 



Fj(j. *21. — Glasses graduated for British fluid measure. 

A hollow vessel is capable of holding a certain volume, and 
this is usually referred to as the capacity of the vessel. In the 
metric system a special name is given to the capacity of a hollow 
cubic decimetre, that is, a hollow cube having a decimetre edge. 
I t is called a litre, and is equal to about one and three-quarters 
English pints. The sub-multiples and multiples of a litre are 
named in a similar way to those of the metre. There is no such 
simple relation between the measures of length and volume in 
the English system, though the gallon is defined as a measure 
which contains 10 lbs. of pure water at a certain temperature 
and pressure. A gallon has a volume of 277] cubic inches. 

In measuring the volumes of irregular solids, advantage is 
usually taken of the fact that when immersed in a fluid they 
displace a volume of fluid equal to tlieir own volume. This may 
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be measured as a difference of level (Eig. 20). The water dis- 
placed could also be poured into a cubic inch box or into a cubic 
centimetre box, and the number of cubic inches or cubic centi- 
metres could be thus found. Or, we could get a glass measure 
having cubic inches or cubic centimetres marked upon it, and 
pour the displaced water into it. But the best plan of all is to 
use a vessel having cubic centimetres marked upon it. Water 
can be put in such a vessel up to a certain mark, and the 
number of cubic centimetres of water displaced by the solid can 
be seen at once by noticing the number of divisions between the 
levels of the water before and after the solid is put in. 

CHIEF POINTS OF CHAPTER II. 

Measurement of length. — In estimating lengths, a standard, or 
unit, of length is necessary. 

The British standard of length is the Imperial standard yard. It 
may be defined as “the length, at 02° E., marked on a bronze bar 
deposited with the Board of Trade. ” 

The yard is divided into three equal parts, each called a foot. A 
foot is divided into twelve equal parts, each called an inch. 

The Metric standard of I anyth is called a metre. In the metric 
system all measures are connected with one another by tens or 
tenths. 

The metre is divided into ten equal parts called decimetres , each 
of which is again divided into ten equal parts called centimetres , 
and these in turn arc divided into ten equal parts called mi! timet res. 

A length which contains exactly 10 metres is called a dekametre , 
one, which just contains 10 dekametres, or 100 metres, is called a 
hektometre , and one which is exactly 1000 t imes as long as a metre 
is called a kilometre. 

Measurement of area. — To estimate area, or surface, it is necessary 
to measure in two directions, i.e. to find ilie length and breadth of 
tlu; surface. 

By multiplying together the length and breadth of a square or an 
oblong we obtain its area. 

The expressions for area are obtained by prefixing the word 
square to the corresponding unit of length thus: square millimetre, 
square centimetre, etc. 

A square centimetre is not T J 0 of a square metre but y-JU x T ^ TS = 

»7inn> P" 4 - 

Cubic measure. — The volume of a solid is its size , or the amount of 
room it takes up, or the space it occupies. 

The volume of a rectangular solid is obtained by multiplying 
together the length, breadth, and thickness, the measurements 
being at right angles to one another. 
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Metric Measures of Length and Capacity. 


Fractions 

and 

Multiples. 

Length. 

Capacity. 

T^trs 

Milli -metre 

Milli-litre 


Conti -metre 

Ceil ti -litre 

TjF 

Deci-metre 

Deci-litre 

1 

Metre 

Litre 

10 

Deka-metre 

l)eka-litrc 

100 

Hokto-metre 

Hekto-litre 

1000 

Kilo-metre 

Kilo-litre 


British and Metric Equivalents. 


1 inch =about centimetres. 
1 foot = ,, 3 decimetres. 

1 yard = ,, -fa metre. 

1 mile = ,, if kilometre. 

1 gallon = „ 4£ litres. 


] cm. = about ? in. 

1 dm. = „ 4 in. 

1 m. — „ 3 ft. 3J in. 
1 km. = ,, £ mile. 

1 litre = „ 1^ pints. 


EXERCISES ON CHAPTER II. 


1. Multiply 10 ‘4 square centimetres by 15*5 decimetres, and state 
the result both in cubic centimetres and in litres. 

If the volume in question were filled with water at 4° C., what 
would the weight of the water lie ? (1897.) 

2. What is the cubical content, in litres, of a box of which the 
inside dimensions are as follows : length 25 centimetres, breadth 12 
centimetres, and depth 8 centimetres ? What is the weight in 
kilograms of the water it would hold ? (1898.) 

3. One pint is equal to 34*7 cubic inches, and 1 inch is equal to 
2*54 centimetres. How many pints are there in 1000 cubic centi- 
metres ? 

What is the name given to a volume of 1000 cubic centimetres ? 
(1898.) 

4. How would you determine the volume of a pebble in cubic 
centimetres? (P.T. 1897.) 

5. Explain how the metric units of volume and length are related. 
Is there any such simple relation in the case of British units ? 

6. What is meant by a unit of length, and why is it necessary to 
have such a unit ? 

7. Give particulars of the units of length in use in this country 
and on the Continent, and give your opinion as to whether one of 
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the units you give is more convenient than the others, and if so, 
why? (1899, Day.) 

9. Express (a) a millimetre as a decimal of a centimetre, (b) as a 
decimal of a decimetre. 

10. What fraction is (a) 1 millimetre of 1 inch, (/>) 1 decimetre of 
1 foot, (c) 1 centimetre of 1 inch ? 

11. If 2/5 millimetres are equal to one inch, how many sq. milli- 
metres make l sq. inch ? 



CHAPTER III. 


UNITS OF TIME. 

9. UNITS OF TIME. 

i. A pendulum. -Attach a weight to the end of a cord. Fix the 
cord in such a way that the pendulum can oscillate freely. Set 
it oscillating, and notice how long it takes for the pendulum to 
complete a given number, say twelve, swings. Keeping the cord 
exactly the same length, attach a heavier weight and repeat the 
experiment. The time of swing remains unaltered. Keeping any 
one weight, observe the time taken to complete twelve swings 
when the length of the cord is varied. It will be seen that the 
time of swing varies with the length of the cord. Notice also that 
it does not matter whether the pendulum makes a. wide oscillation 
or a very small one, the time taken being the same in each case. 

ii. The sun-dial. — Fasten a small rod at right angles to a flat 
board. Place the board flat on a table so that the rod is vertical. 
Move a candle in a semicircle above the table, and note the change 
in the angle made by the shadow of the rod. Compart? the 
conditions of the experiment with the measurement of the solar 
day by means of a sun-dial. 

The earth’s rotation.— The apparent daily motion of the 
sun and stars across the slcy is a direct consequence of the 
earth’s rotation oil its axis. The sun appears to go regularly 
through certain periodic changes of position. Tt rises, travels 
higher and higher into the sky, reaches its highest position, 
sinks lower and lower, and finally sets. When the sun is at 
its highest altitude on any day it is due south, and is said to 
south or lx? southing. The interval of time between the sun’s 
reaching its highest position on any one day and its corre- 
sponding position on the next succeeding day is an apparent 
solar day. These apparent solar days vary in length throughout 
the year. 

L.S. i. c 
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Mean solar day. — As the length of days measured by the 
sun varies throughout the year, no single one of these days will 
do for a convenient standard of time. But if the lengths of all 
the days in the year be added together, or the length of a year 
measured by the sun be divided by the number of days in the 
year, we obtain an interval of time which is always the same. 
Such a day, which is of course an imaginary period of time, is 
called a mean solar day. Sometimes the mean solar day is 
longer than the solar day, sometimes it is shorter, and occa- 
sionally both days are of exactly the same length. Solar time 
is known as apparent time, and clock time as mean time. 

Sidereal day. — Just as in the case of the sun so with all the 
stars ; they rise, south, and set. But whereas with the sun the 
interval between two successive southings varies throughout 
the year, it is found that the time which elapses between two 
succeeding southings of a star at any season of the year is 
always the same. This interval constitutes a star or sidereal 
day. 

Period of rotation of the earth. — As the apparent motions 
of stars across the sky are produced by the rotation of the earth, 
it will be evident that the exact time of rotation can be deter- 
mined by finding the interval which elapses between two 
successive returns of any particular star to the same point of 
the sky. A star may, indeed, be regarded as a fixed reference 
mark under which the earth turns ; so that by observing 
it we are able to determine the time taken by the earth to 
spin round once. The interval between two successive transits 
of the same star, or, as it is called, a sidereal day, is the time of 
such rotation. 

No matter which star be selected for observation the interval 
is the same, thus showing that the earth is a rigid body, and 
that all parts of its surface have the same angular velocity. 

Units of time. — The sidereal day, like the mean solar day, is 
subdivided into hours, minutes, and seconds, but as the latter is 
four minutes longer than the former, the units are not of the 
same value. We may take either the mean solar second as the 
unit of time, or the sidereal second. In the former case the unit 
is founded on the average length of the solar day, and in the 
latter upon the length of the invariable star-day, or the time of 
rotation of the earth upon its axis. But in either case the 
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second, that is, the unit of time, is the 86,400th part of the day 
used. 

In physical measurements the unit of time adopted is the 
mean solar second, that is, it is founded on the average time 
required by the earth to make one complete rotation on its axis 
relatively to the sun considered as a fixed point of reference. 

Instruments for measuring time.— We need only concern 
ourselves with the modern contrivances for measuring time, 
viz., clocks and watches. It will be sufficient to regard these as 
instruments for measuring intervals of time in terms of the 
mean solar day to which attention has been directed. In a 
clock the rate is regulated by means of the pendulum. The 
chief property of which is the constant time of oscillation at 
the same place. 

If it were possible for the student to perform the experiment, 
it would be found that the time taken for the pendulum to 
swing backwards and forwards varies as it is taken from the 
equator to the poles, on account of the fact that the earth is not 
exactly spherical in shape. Or, putting the same fact in another 
way, in order that a pendulum may swing backwards and for- 
wards in the same interval of time, it is necessary to alter the 
length of the cord in our experiment as we travel from the 
equator towards either pole. A pendulum of such length that 
the distance from the point of suspension to the centre of the 
bob is 3.9' 139 inches, swinging at Greenwich, completes one 
swing in a second of time. In a clock we have a mechanical 
contrivance for maintaining the swinging of a pendulum. We 
must content ourselves with referring the reader to books on 
astronomy and horology for an account of the construction of 
a clock. In watches the place of the pendulum is taken by a 
carefully suspended balance wheel. 


CHIEF POINTS OF CHAPTER III. 

The solar day is the interval of time between the sun’s reaching 
its highest position on any one day and its corresponding position 
on the next succeeding day. 

The mean solar day is the quotient obtained by dividing the 
length of the year measured by the sun by the number of days 
in the year. Or, it is the average of the lengths of all the solar 
days in the year. 
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A star or sidereal day is of constant lfcngth. It is the interval of 
time between two succeeding southings of a star at any season of 
the year. 

The period of rotation of the earth.— As the apparent motions of 
the stars across the sky are produced by the rotation of the earth, 
the exact time of rotation is determined by ascertaining the length 
of the sidereal day. 

Units of time. — In physical measurements the unit of time adopted 
is the mean solar second, that is, it is founded on the average time 
required by the earth to make one complete rotation on its axis 
relatively to the sun considered as a fixed point of reference. 


QUESTIONS ON CHAPTER III. 

1. What is the difference between a solar day and a mean solar 
day ? 

2. Define a sidereal day and explain how it differs from a solar 
day. 

3. What is the common unit of time ? How is it related to the 
period of the earth’s rotation ? 

4. ( Jive a brief description of some mechanism in common use for 
measuring time. 



CHAPTER IY. 


MOTION; INERTIA; FORCE; NEWTON’S LAWS. 

10. MOTION AND VELOCITY. 

i. Motion. — Place a number of marbles in a tray. Disturb them 
by shaking the tray, or in any other way : they all acquire motion, 
but move in various directions, and at different rates. 

ii. Speed. — Shoot a marble along a table, or let it run round the rim 
of a tray. The marble travels with a certain speed or rate of motion, 
and it may be given this speed in any direction. 

iii. Velocity. — Bow l a marble along a table in a definite direction, 
and observe as nearly as possible the number of seconds taken to 
perform the journey. The distance in feet thus traversed, divided 
by the number of seconds occupied in traversing it, gives the average 
rate of motion in feet per second. The velocity of a body is its rate 
of motion in a definite direction. 

iv. Uniform velocity. — Make several lines crosswise on a long table 
at a distance of one foot apart. Push a cylinder or marble along 
the table at such a rate that the length from one line to the next is 
traversed in one second. This velocity of the object is thus one foot 
per second and is uniform during the movement. 

v. Variable velocity. — Shoot a marble or roll a (^ linder along the 
table with the marks upon it, and notice the number of seconds 
taken in passing from the first to the last mark, in this case the 
same total distance is traversed as before, but the velocity is variable, 
that is, the body does not move through equal spaces in equal 
times throughout its movement as it is gradually coming to rest. If 
a length of 8 feet is traversed in 4 seconds, what is the average 
velocity ? 

vi. Graphic representation of velocity.— (a) Taking a line an inch 

long to represent a velocity of one foot per second, draw’ lines 
representing velocities of 3i, 4, and 1^ feet per second, making 

the lengths of the lines proportional to the rates of motion. 

(b) Draw r a. line to represent the velocity of a river flowing at the 
rate of 2 miles an hour. Suppose a man who can row 0 miles an 

37 
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hour in still water to he rowing in this river. Draw lines to repre- 
sent his velocity with reference to the lwmk when rowing (1) with 
the stream, (2) against the stream. 

(c) Draw a large circle upon a sheet of paper. Draw two diameters 

at right angles to each 
other, as in Fig. 22. 
Taking \ inch to repre- 
sent a velocity of 1 foot 
per second, and starting 
from the centre of the 
circle, represent by 
graphic construction the 
path of a body moving 
with the following velo- 
cities : 2 feet per sec. 
N.E. ; 2 feet per sec. N. ; 
3 feet per sec. W. ; 4 feet 
per sec. S. E. 

vii. Combination of two 
velocities. -Place a wide 
glass tube along a table 
near one edge. Let a 
S marble roll through the 

p IG> 22 . tube, and it does so 

roll the tube across the 
table. Suppose a second is taken for the tube to move from its first 
to its last position, then the positions of the marble at intervals of a 
tenth of a second are shown in Fig. 23. The marble enters at A and 
emerges at 1) ; the distance it has travelled in the direction of the 
length of the table is therefore represented by AB. The distance 



A * B 

Fia. 23.— To illustrate tho combination of two velocities, and the 
principle of tho parallelogram of velocities. 


it has travelled arrow the table is in the same way represented by 
AC. Construct a parallelogram CA Bl) with lines proportional to 
CA and AB as sides. The diagonal Al) represents the path actually 
traversed by the marble. 

V Definition of motion. — The word motion is meant to convey 
the idea of change of place. The simplest forms of motion are 
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changes in the positions of bodies with regard to one another. 
The change of position may take place slowly or quickly, that 
is, motion may be fast or slow. The rate at which a body 
moves is called its speed. A ship may have a speed of twenty 
knots ( Le . may change its position at the rate of twenty nautical 
miles in an hour). A runner may maintain a speed of ten miles 
per hour. In these statements the direction of the motion has 
not been considered. 

When a boy runs down the street he is in motion ; as regards 
the houses and lamp-posts he moves. To describe fully the 
boy’s motion it would be necessary to know his velocity, that 
is, the rate with which he travels, and the direction in which he 
is moving, or the line along which he runs. If during every 
second through which he moves he travels over a line of five 
yards in length, he has a uniform velocity of five yards a second. 

But suppose he does not move regularly over five yards in 
every second ; he sometimes dawdles, sometimes stops to look 
at a shop, at other times he puts on a spurt to make up for lost 
time. How should we describe his motion now ? His rate 
varies from time to time, or his velocity is variable, and to 
describe such a variable velocity it is usual to speak of the 
velocity at any instant as being a certain number of yards per 
second. Suppose the boy moving with a variable velocity had 
at a given instant a velocity of eight yards per second. If he 
continued to move at the same rate he would travel over eight 
yards in the succeeding second. 

Average velocity. — But it is sometimes better to find the 
average velocity of the moving body. Returning to the boy, 
suppose he travelled 800 yards in 400 seconds ; if we divide the 
first number by the second we obtain the boy’s average rate, 
namely, two yards in a second ; this, then, is the rate with 
which he would have had to travel, if he moved uniformly, in 
order to complete his journey in the same time. 

The unit of velocity is generally taken as being a velocity of 
one foot per second. Thus a velocity of six means a velocity of 
six feet per second. 

Measurement of uniform linear velocity.— It is a simple 
matter to calculate the velocity of a body moving uniformly in 
a straight line when the distance it has travelled, measured in 
units of length, and the time it has taken to perform the 
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journey, measured in units of time, are known. All that has to 
be done to find its uniform velocity is to divide the number of 
units of length passed over by the number of units of time 
taken to complete the distance. Thus : 

TT • n , space traversed 

Uniform velocity = . w 

tune taken X 

Velocities can be completely represented by straight 
lines. — To determine a velocity completely, all we want to 
know are its magnitude (or the distance travelled in a given 
time) and its direction. But, as is well known, a straight line 
can be drawn of any length in any direction ; and we can 
arrange that its length shall contain as many inches or feet, 
whichever is more convenient, as there are feet or yards per 
second of velocity, depending on the way in which it is decided 
to measure the velocities. Velocities can therefore be completely 
represented by straight lines. 

Composition of velocities. — Think of the case in Experiment 
10 vii., of a marble moving along a tube w 7 itli a uniform velocity, 
when the tube itself is all the time being uniformly moved 
across a table. It is evident that since the marble is in the 
tube it must have the same velocity across the table that the 
tube has ; and at the same time it moves along the tube, that 
is, in a direction at right angles to its former velocity. It has 
two independent velocities. Similarly, we can think of a ship 
sailing across the ocean with a man on deck walking from one 
side of the ship to the other. The man has two velocities. He 
is moving onwards with the ship at a certain velocity, and at 
the same time he is moving across the ship with another 
velocity. 

But yet a body can only move at any instant in one direction 
with one definite velocity. How, then, shall we find the actual 
velocity at any instant in the case of the marble or of the man ? 
The velocity which we want to find is called the resultant of the 
two independent velocities, which are themselves spoken of as 
components. If the two velocities have the same direction, all 
we have to do is to add them to obtain the resultant, or if they 
are in opposite directions along the same straight line we 
subtract them. 

If they have directions which make an angle with one 
another, it is clear that the resultant must be somewhere 
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between the components. Referring to the case of the marble, 
let OA (Fig. 24) represent by its length the number of inches 
the marble moves along the tube 
in a second, and OB the distance 
moved by the tube, and conse- 
quently by the marble in the same 
time across the table. Draw BR 
parallel to OA and AR parallel to 
OB, thus completing the parallelo- 
gram, then the line OR, represents 
the resultant velocity, both in 

magnitude and direction. In just the same way OA could 
stand for the ship’s velocity and OB for the man’s, then OR 
would represent the direction and magnitude of the man’s 
actual velocity with reference to the sea. This principle is 

called the Parallelogram of Velocities. 



Fia. 24.— Parallelogram of velo- 
city 


11. ACCELERATION. 

i An instance of accelerated velocity.— Obtain a smooth hoard 
about six feet long, having a slight groove cat in it from one end to 
the other (Fig. 25 j. Incline the hoard slightly at one end. Place a 
marble or other small sphere near the raised end and let it roll down 
the board. Notice that as it moves its velocity increases. To show 



Fig. 25.— A grooved board for experiments to illustrate acceleration. 

that the space traversed increases every second, fit up a seconds’ 
pendulum 1 and set it in motion. Let the hob of the pendulum strike 
against a sheet of paper or some other light object at the end of each 
swing, so that you can hear when the seconds commence. Now 
start the marble from a mark upon the board exactly when the 
pendulum taps the paper on one side. Notice how far tile marble 
has rolled by the time the pendulum taps the paper on the other 
side. Make a mark at the place reached, and do the same for 
succeeding seconds until the marble rolls off the board. Measure 
the length of board traversed by the marble in each second. The 
distances will be found to increase in proceeding down the board 
from the start ing place. 

I A seconds’ pendulum can be mndc by suspending, from the ring of a retort 
stand, a bullet by a string 39 -14 inches in length. 
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Meaning of acceleration.— An express train starting from 
a terminus begins to move slowly, and, as the journey proceeds, 
the rate of motion goes on increasing until the train gets its full 
speed. A stone let fall from a height similarly starts from rest, 
and as it moves it travels faster and faster until brought to a 
standstill again on reaching the ground. Or, imagine a cyclist 
starting for a ride, and regularly increasing his speed until he 
could not go any faster. In all these examples the velocity 
of the moving body has periodically increased, and the rate at 
which the change lias taken place is spoken of as acceleration. 

Acceleration is the rate of change of velocity— Ilut ac- 
celeration may be of an opposite kind to the instances given 
above. Reverse each of the examples and consider what 
happens. An express train going at full speed approaches a 
station and its velocity is regularly diminished until it is 
brought to rest at the platform. A stone is thrown upwards 
with a certain velocity, it moves more slowly and more slowly 
until it conies to rest, and then starts falling. A cyclist 
travelling at full speed slackens his rate regularly until lie 
conies to a standstill. In all these cases we have examples of 
an acceleration of an exactly opposite kind to the previous 
instances, but yet an acceleration. In ordinary language this 

kind of acceleration is given 
= a name of its own, viz. 
retardation. 

Accelerations, like velo- 
cities, can be represented 
graphically by straight lines. 



12. INERTIA. 

i. To show that a mass at 
rest tends to remain so. — Sus- 
pend a heavy mass, not less 
than ‘2S lbs., from a cord. Tie 
a pieee of cotton or thread to 
the mass, and then attempt to 
move it by pulling the thread sharply to one side. The thread will 
break and the mass will hardly be moved. The mass can, however, 
easily be pulled to one side if the pulling force is applied gradually. 

ii. A moving mass requires force to stop it. — Swing the heavy 
mass used in the preceding exercise to and fro by means of a thread 


Fm. 26. — Experiment to illustrate the 
tendency of a body to preserve* its shite 
of rest or motion. 
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attached to it. While it is swinging away from your hand, stop 
your hand suddenly. The thread will break and the mass will 
proceed on its swing. 

The force Of gravitation.— Experiments and observations 
made by Newton led him to the conclusion that it was the rule 
of nature for every material object to attract every other object, 
and that this force of attraction is proportional to the masses of 
the bodies ; a la rge mass exerts a greater force of attraction than 
a small mass. But the farther these bodies are apart the less is 
the attraction between them, though it is not less in the propor- 
tion of this distance, hut in that of the square of the distance. 
This diminution of a force according to the inverse proportion 
of the square of the distance applies to so many cases that it 
ought to be under -stood clearly before proceeding. Suppose two 
bodies of equal mass arc 011 c foot away from one another and 
attract each other with a certain force. If the distance between 
the masses is doubled, the strength of the attraction between 
them is only one-quarter of what it was ; for the square of 2 is 
2 x 2=4 and the inverse of 4 is J. In the same wav, if the bodies 
are placed three feet apart, the force of attraction is J of the 
original force. 

Newton’s law of gravitation may be expressed thus : Every 
| body in nature attracts every other body with a force directly pro- 
V portional to the product of their masses and inversely proportional 
; to the square of the distance between the bodies ; and the direction 
| of the force is in the line joining the centres of the bodies. 

* Consider the case of a cricket ball on the top of a house. The 
earth attracts the ball, and, bv Newton’s law, the ball attracts 
the earth. The ball, if free to move, falls to the earth ; to be 
correct, however, we must think of the ball and the earth 
moving to meet one another along the line joining their centres. 
But the ball moves as much farther than the earth as the earth’s 
mass is greater than that of the ball ; and for practical purposes 
this is the same as saying that only the ball moves and that 
the earth remains still. 

This force of attraction between all material bodies is called 
the force of gravitation, but this is merely giving the force a 
name. Calling this force “ gravitation,” and the rule according 
to which it acts the “law of gravitation,” does not teach any- 
thing about the nature of the force itself. 
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The attraction of gravity.— Bearing in mind that weight is 
really a measure of the attraction between an object and the 
earth (p. 59), it will be clear from Newton’s law of gravitation 
that since a thing up in a balloon is farther away from the 
earth (which acts exactly as if its whole mass were collected at 
its centre) than when at the sea- level, the weight of this thing 
ought to be less than it is at the sea-level. This is found to be 
the case, but, actually to demonstrate the difference in weight, 
the weight must be measured by a spring balance as in Experi- 
ment 15 i (c). 

Similarly, because the earth is not a perfect sphere, but is 
flattened at the poles, points at the surface of the earth in the 
region of the tropics are at a greater distance from the centre 
than points similarly situated in the neighbourhood of the poles. 
Consequently, the weight of a mass situated on the earth in the 
tropics should be less than the weight it would have if it were 
moved into the polar regions. This has been found to be the 
case. 

The rotation of the earth is another disturbing influence. 
While places on the equator are carried round with a velocity 
of over a thousand miles an hour, those near the poles have blit 
a very small velocity of rotation, while the pole itself is at rest. 
It is clear that if we consider a mass at the equator its tendency 
is to obey the first law of motion (p. 45) and to fly ofi‘ at a 
tangent, and part of the force of gravitation is expended in pre- 
venting this flight -the remainder of the force of gravity is 
operative as the weight of the mass under consideration. At 
the pole there is no tendency to move off tangentially, and 
the whole of the force of gravitation is felt as the weight of 
the body. For this reason alone the mass would w’eigh less at 
the equator. 

Inertia. — Common experience tells everyone that things do 
not move of themselves. An object at rest remains at rest until 
it is forced to move. Moreover, if it is moving it tends to go on 
moving in the same direction and w r ith the same velocity until 
made to change by the application of force. In a word, dead 
matter is helpless and conservative. It does nothing by itself, 
and objects to alter its condition whatever that condition may 
be. The inabilty shown by a material body to change by itself its 
condition of rest or of uniform motion in a straight line is called its 
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inertia. It is exemplified when a cyclist is stopped suddenly, 
for the tendency to continue moving is so great that the cyclist, 
if he is travelling quickly, is shot over the handle-bar of his 
machine. This law of inertia is often spoken of as Newton’s 
First Law of Motion. 

First law of motion. — Every object remains at rest or moveB 
with uniform velocity in a straight line until compelled by force to 
act otherwise. 

This law, which Newton first stated as being always obeyed 
by bodies in nature, means, first, that if a body is at rest, it will 
remain at rest until there is some reason for its moving — until 
some outside influence, which is called a force, acts upon it. In 
fact, the law really supplies us with a definition of force. 
Nobody finds any difficulty in understanding the rule so far. 
But it is not so easy to see the meaning of the words referring 
to uniform motion in a straight line. An example will make 
this clear. Consider a ball moving uniformly along ice. After 
a time the ball comes to rest, and therefore it does not continue 
in a state of uniform motion. But it moves for a longer time 
on ice than it would do on a road. The ice is smoother than the 
road, and there is a connection between the roughness or smooth- 
ness and the length of time during which the ball moves, if the 
ice could be made smoother and smoother, the ball would move 
for a longer and longer time, and if both the ball and the ice 
were perfectly smooth, there is no reason why the ball should 
ever stop. The roughness or friction represents, then, the force 
which causes the ball to change its state of uniform motion 
for one of rest. If a body in a state of uniform motion could 
be placed outside the influence of what Newton called 
“impressed forces” it would afford us an example of perpetual 
motion. But because these impressed forces cannot be eliminated 
perpetual motion is impossible. 

Definition of force. — Newton’s first law, then, enables force 
to be defined. Force is that which produces, or tends to produce, 
motion in matter ; or alters, or tends to alter, the existing motion 
of matter. It must, however, be understood clearly that by 
defining force we do not get to know anything more about it. 
Nobody can tell what force is ; all we can know are the effects 
produced by it. 
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13. MOMENTUM. 

i. Collision of equal masses. — Suspend two solid balls of equal mass 
by the side of one another, so that they just touch when at rest. 
Place a metre rule on edge on the table under the balls (Fig. 27). 
Notice the positions of the balls, and then pull each ball to an equal 

distance from the place 
where the balls rest, by 
means of threads held in 
the two hands. Release 
the two threads at the 
same instant. The balls 
will collide, and if they 
are of equal mass they 
will rebound by equal 
amounts. 

ii. Momentum alter colli- 
sion.— Substitute a ball of 
much smaller mass for one 
of the balls in the preced- 
ing experiment. Pull the 
two balls away from the 

Fig. 27.— Apparatus to illustrate momentum position of rest, so that 
and impact. the surfaces which touch 

one another are at equal 
distances from this position. Then release the balls simultaneously 
and observe the rebound. The two balls were at equal distances 
from their position of rest and are suspended from strings of equal 
length ; therefore their velocities when they meet are equal. The 
smaller mass has less momentum than the larger before the two 
meet, but the momentum after collision is the same for each mass ; 
therefore the small mass is given a velocity of rebound as many 
times greater than the velocity of the large mass as this mass is 
greater than the smaller one. 

Meaning of momentum.- The momentum of a body is 
equal to the product of the mass and the velocity. Expressed 
as an equation we have 

Momentum = mass x velocity. 

The unit of momentum is consequently that of a unit of mass 
moving with a unit of velocity, or, if tlie unit mass be that of the 
imperial standard pound, the unit of momentum is the quantity 
of motion in a mass of one pound moving with a velocity of one 
foot per second. 

Unit of force. — A definition of the unit of force may now be 
given. It lias been explained that force is the name given to 
the something which is able to set a body at rest in motion or 
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to change the motion of a moving body. A unit force acting* for 
the unit of time is able to produce a unit of velocity in a unit of 
mass ; or a unit of force produces a unit of acceleration in a unit of 
mass. But, since the product of a mass and its velocity is spoken 
of as the momentum of the body, we can measure force by the 
momentum it generates. The unit force gives rise to the unit 
of momentum. 

Change of momentum is proportional to the acting force. The 
force which will produce a velocity of one foot per second in a 
mass of twenty pounds will produce a velocity of tw T o feet per 
second in a mass of ten pounds, and a velocity of twenty feet 
per second in a mass of one pound, acting in each case for the 
same time. Or to express these facts concisely in an equation : 

force which acts . maRS " f J e lmd ? x cllan « c of velocity produced 
acted on in a unit of time 

mass of the body , .. 

= acted on ‘ x acceleration. 

Newton’s second law of motion.— Change of motion is pro- 
portional to the impressed force, and takes place in the direction in 
which that force acts. 

This law speaks of “change of motion,” and by motion is 
understood momentum or quantity of motion. Tt states that 
the momentum generated by a force of two units will be twice 
as great as that produced by one unit; and further it implies 
that a force of one unit acting for two seconds will produce 
twice the momentum which it would do if it only acted for one 
second. This is why it is necessary in defining the unit of force 
to introduce the words “acting for the unit of time.” The 
change of motion spoken of in the law must therefore be under- 
stood to mean that produced in a unit of time, or the rate of 
change of motion or momentum. But we know that the 
momentum of a body is the product of the mass of the body 
into the velocity, and since the mass remains constant, the rate 
of change of momentum must be the product of the mass and 
the rate of change of velocity, which is, as we have seen, the 
acceleration. Hence we come to the very important fact that 
the number of units of force in any force is equal to the product 
of the number of units of mass in any body on which it may act, 
and the number of units of acceleration produced in that mass by 
the force in question. 4 
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Newton’S third law of motion.— Action and reaction are 
equal and opposite ; or the mutual actions of two bodies on one 
another are always equal and in opposite directions. 

This law can be exemplified in a variety of ways. If you 
press upon the table with your hand with a certain force, the 
law asserts that your hand is pressed by the table with an equal 
force in the opposite direction. We say in common language 
simply that the table offers resistance. Similarly, if you hold 
a mass of a pound on the palm of your outstretched hand it 
presses your hand downwards with a force which wo have learnt 
to call its weight ; your hand presses the weight upwards with 
a force of exactly the same amount. If the scrimmage at llugby 
football does not move, it is clear that the opposing “forwards” 
are pressing one another with equal forces in opposite directions, 
and it is easy to understand in this case that the action and reac- 
tion are equal and opposite. Every force, then, is one of a pair of 
forces, the second being the reaction to which it gives rise. Such 
a pair of forces is called a stress. 

14. PARALLELOGRAM OF FORCES. 

i. Relation between tension and extension. — 

Clamp a thin indiaruhher cord with a tray sus- 
pended from the lower end, and arrange a wire 
>y its side as in Fig. 28. Stick a pin through 
the cord opposite the end of the wire. Place 
10 grams in the tray and measure the elongation 
reduced by it — that is, measure the distance 
etween the pin and the bottom of the wire. 

Place another 10 grains in the tray and again 
notice the extension produced. 15y subtracting 
this reading from the former one, you can find 
the extra extension produced by the additional 
10 grams. In the same way find the extension 
produced by 30 grams, 40 grams, and so on, up 
to 100 grams, also determining in each ease 
the extension for the additional 10 grams. 

ii. Representation of forces by lines.— Draw' 

vertical lines to represent the extensions pro- 
duced bv the various loads, and also lines to i}R ^ 

represent the extension for every additional to show the 

10 grams. As the loads represent forces, the extrusions produced 
lines will represent the extension produced by by different forces, 
various forces. You will find that the exten- 
sions are proportional to the forces — that is, double tin; force 
double the extension, and so on. The strength or magnitude of 
a force can thus be shown by the length of a line. 
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iii. Parallelogram of forces. — The following experiments illustrate 
how the direction# as well as the magnitudes of forces can be repre- 
sented by lines. 

(a) To the middle of a piece of elastic cord about 6 inches 
long fasten a piece of the same cord about three inches in length. 
From the point where the throe cords meet measure off an equal 
distance, say two inches, and put a pin through each cord at this 
distance. 

Fasten the pin at each end of the six-inch piece of cord upon a 
sheet, of paper lying flat, upon a drawing board or table. The cord 
should lie in a straight, line between the pins, but it must not 
be stretched. Now pull the third cord in any direction so as 

to stretch the others as 




well as itself, and fasten 
its pin in the board while 
the cords are thus stretched 
(Fig. 29). Make a pin 
mark upon the paper at 
the point where the cords 
moot, and then pull the 
pins out of the paper and 
put them and the cords 
aside. Pin-holes will be 
marked at ARC!) in Fig. 
29. Mark oil* from each 
of the lines, starting from 
A , />, and I) respectively, 
the original length, that 
is, 2 inches, measured on 
each cord. The additional 


Fig, 2!>. —A throe -way ekslic coni, uscrl to lengths EC, FC, and CO 
illuHtralo the principle of the parallelogram thus represent the amounts 
of forces. by which the cords have 

stretched. 


(1>) Construed the parallelogram ECFII by drawing EH and FH 
parallel to CF and FC respectively. Draw the diagonal C II : it 
will he found to have the same length and bo in the same line as C(i. 
Assuming that the extensions are proportional to the forces (and 
they practically arcs so in this ease), the two sides EC , CF of the 
parallelogram represent two of the forces both in magnitude ,‘ind 
direction, and the third force, which is equivalent, to the other t wo 
taken together, is represented on the same scale by the diagonal of 
the parallelogram. 

(<■•) Repeat the experiment with the cords stretched bv different 
amounts and in different directions. Construct a parallelogram 
similar to ECFH for each case. 


When the cords an? arranged in any position they represent three 
forces acting upon the particle C. Since C is at rest, the force 
represented by Cil produces the same effect as the two forces repre- 
sented by CF, CF, taken together. If, therefore, a force equal in 
magnitude to CO, and acting in tlic direction 67/ , is substituted for 


L.S. 1. 
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CE, OF, the particle still remains at rest. The diagonal CH repre- 
sents such a force both in magnitude and direction. 

A single force which can l>e substituted for two separate forces 
in this way is termed a remit ant force. 
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Graphic representation of forces.— Every force has a 
certain strength or magnitude, and acts in a certain direc- 
tion. It is, therefore, possible to represent a force completely 
by a line, the length of which is made proportional to the 
magnitude of the force, and the direction of which represents 
the direction in which the force 
is exerted. If the length of an 
inch is taken to represent a unit 
force, then a force of 5 units 
would be represented by a lino 
f> inches long, and two forces of 
5 and 3 units acting together in 
the same direction would be 
represented by a line 8 inches 
long. If, however, a body were 
acted upon by a force of 5 units 
in one direction, and 3 units in 
the opposite direction, then the 
effect would be that of a force 
of 2 units acting in the direc- 
tion of the force of 5 units ; 
for 3 of the units of this force Fl V ^O.-Theparalielo^am of forces 

. can be illustrated bv connecting two 
would be rendered inoperative weights r and Q with a cord passing 

bv flip three units net in it in the ovcr two t P ulle ~ V8 ’ aild keeping them 
v tnrte units tiding 111 me lu equilibrium with a weight K. 

opposite direction. 

Parallelogram of forces. — A body can only move in one 
direction at any given instant, though it may be acted upon 
by any number of forces. Each force acts with a certain 
strength and in a certain direction, and, in consequence of 
their joint action, the body moves with a certain velocity, 
if it is free to do so. The same velocity could be given to 
the body by a single force instead of the separate forces, and 
the single force which would produce the #me effect as the 
separate forces is called the resultant of the forces. When two 
forces act upon a body at the same time, their resultant can 
usually be found by means of the parallelogram of forces, 
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which may be expressed thus : If two forces acting at a point be 
represented in magnitude and direction by the adjacent sides of a 
parallelogram, the resultant of these two forces will be repre- 
sented in magnitude and direction by that diagonal of the 
parallelogram which passes through this point. 

Let 0 represent a material body acted upon by two forces, 
represented both in magnitude and direction by the lines OB, 
OA. To find the resultant of these two forces, both as regards 
its amount and direction, complete the parallelogram OBRA and 
join OR , which will be the resultant required (Fig. 31). 

Calculation of resultant.— When the two forces of which 
the resultant is required act at right angles to one another, the 
calculation is a simple application of a proposition in the first 
book of Euclid (I. 47). In these 
b R circumstances the triangle ORA is 

t ' right-angled, and Euclid proves that 

/ (17J) 2 + {A Rf = (OR) 2 , and conse- 

quently (^.4)- + ((>/I) 2 =(0/f)-, from 
0 A which when OA and OB are known 

Fig. 31 .— Graphic represent,-!- we Can calculate OR. 
forces.”* the 1,arallclogram of When the directions of the two 
forces OB and OA are inclined to 
each other at an angle which is not a light angle, the calcula- 
tion involves an elementary knowledge of trigonometry. This 
can be obviated, however, by the simple expedient of what 
is called the graphical method. This consists in drawing two 
lines inclined at the angle at which the directions of the forties 
are inclined, and making them of such lengths that they contain 
as many units of length as the forces do units of force (Fig. 31). 
The parallelogram is then completed by drawing A R and BR 
parallel respectively to OB and OA and joining the diagonal 
OR , the direction of which will be that of the resultant, and its 
length will be as many units as there are units of force in the 
resultant force. It is immaterial what lengths are used to 
represent the units of force so long as the components and 
the resultant are measured in the same units. 

Resolution of ' forces. — A single force can be replaced by 
other forces which will together produce the same effect. Such 
a substitution is called resolving the force, or a resolution of the 
force. The parts into which it is resolved are spoken of as 
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components. When this has been done it is clear that we have 
made the original force become the resultant of certain other 
forces which have replaced it. Bcfciring back to what lias 
been said about the parallelogram of forces, it will be seen that 
any single force can have any two components in any directions 
we like ; for by trying, the student will be able to make any 
straight line become the diagonal of any number of different paral- 
lelograms. The most convenient components into which a force 
can be resolved arc 
those the directions of 
which are at right- 
angles to each other. 

In this method of re- 
solution, neither com- 
ponent has any part in 
the other. 

A kite at rest in the 
air affords an example 
of the principle of the 
parallelogram of forces 
(Fig. 3*2). There are 
two downward forces — one represented bv A IJ, due to the 
weight of the kite, and the other represented by A I), due to 
the pull of the string. The pressure of the air on the face of 
the kite can be resolved into two forces, one acting along the 
face and the other at right angles to it. The latter force is an 
upward one, and if the kite is at rest it is equal to the resultant 
AC of the two downward forces. If it is greater than the 
resultant A C, the kite rises ; if it is less, the kite falls. 
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CHIEF POINTS OF CHAPTER IV. 


Motion is change of place. Speed is rate of motion in any direc- 
tion. 


Velocity is the rate of motion in a given direction. When a 
body’s velocity is uniform it moves over equal distances in every 
second, when it is variable unequal distances are moved over in 
equal times. 


U ni form velocity — 


No. of units of length travelled 
No of units of time taken 


The unit of velocity is generally taken as being a velocity of one 
foot per second. Velocities can be completely represented by 
straight lines. The resultant of two velocities can be determined 
by the •para.lh hnjvam. of velocities. 

Acceleration is the rate of change of velocity. In measuring 
uniform accelerations it must be known what addition to, or subtrac- 


tion from, the velocity of the moving body there has been during 
each second of its journey. 

The unit of acceleration is an increase of the unit velocity in a unit 
of time. It is generally taken as equal to an increase of velocity of 
one foot per second for each second. 

Force is that which changes, or tends to change, a body's state of 
rest or motion. Forces may be completely represented, both in 
magnitude and direction, bv straight lines. 

The momentum of a body is the quantity of motion it has, and is 
equal to tin* product of its mass and its velocity. The total 
momentum of several moving masses is unaltered by impact. 

A unit of force acting for a unit of time is able to produce a unit 
of velocity in a unit, of mass. 


The force of gravitation.— Every particle in nature attracts every 
other particle with a force which is directly proportional to the 
product of the masses of the particles and inversely proportional to 
the square of the distance between them. 


(i invitational attinct ion — .. , - 

square ot distance net ween masses 

Newtons laws. — (1) A body once set in motion and acted upon 
by no force will move forward in a straight line for ever. 

(-) If a moving body be acted upon by any force, its deviation 
from the motion dclined in the first, law will he in the direction of 


the acting force and proportional to it. 

(3) Action and reaction are equal and in opposite directions. 

Parallelogram of forces. If two forces acting upon a point are 
represented in magnitude and direction by the adjacent sides of a 
parallelogram, their resultant is represented in magnitude and 
direction bv the diagonal which passes through that point. 

Resolution of forces. - A single force can Is* replaced by other 
forces which will together produce the same elfect. Such a substi- 
tution is called resotri )kj the force, and the parts into which it is 
resolved are called com poucuts. 
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EXERCISES ON CHAPTER IV. 

1. What is the difference between uniform and variable velocities ? 
How are uniform linear velocities measured ? 

2. Explain how the average velocity of a body moving with a vari- 
able velocity is estimated. 

3. A line is drawn upon the floor of a railway carriage from door 
to door. When the carriage is at rest a ball is dropped from the 
roof and falls upon this line. What difference- would be observed : 

(a) If the train is moving when the ball is dropped ? 

(b) If the train starts when the ball is half way down ? 

(c) If the bull is dropped when the train is in motion, but the 
train stops suddenly when it is half way down ? (P.T. 1897.) 

4. Define acceleration and give an example of a body moving with 
an accelerated velocity. 

5. How is uniform acceleration measured ? Explain the difference 
between a positive and negative acceleration, giving an example 
of each. 

6. Describe an experiment for demonstrating the principle of the 
parallelogram of forces to a class. 

A nail is driven into a wall and two strings are tied to its head. 
When the two strings are pulled horizontally and at right angles to 
one another with forces equal to fi and 8 lbs. respectively, the nail 
is dislodged. What force would be needed if the strings were 
brought together and the nail pulled straight out? Illustrate your 
answer with a diagram. (P.T. 1K97.) 

7. Explain what is meant by the inertia of a material body, (live 
as many of tin; results of the possession of this property by a 
material body as you can. 

S. The horizontal and vertical components of a certain force are 
equal to the weights of 00 lbs. and J44 lbs. respectively. What is 
the magnitude of the force? 

9. Two spring balances are attached by strings to a ring which 
is placed round a nail driven into the table, and the balances are 
stretched in directions at right angles to one another till one indi- 
cates a pull of 10 lbs. and the other of 9 lbs. Draw a figure showing 
the direction and magnitude of a single force which would produce 
the same pressure on the nail as do the two forces due to the pulls 
of the balances. 

How would you prove ex peri mentally the correctness of your 
result? (1899,1).) 

10. State the “parallelogram of forces.” You are provided with 
three small spring balances (sometimes called “dynamometers”), a 
blackboard, chalk, string, etc. ; how can you verify the proposition? 
(Queen’s Sch. 1899.) 

11. A weight which is hung by means of a piece of elastic from a 
nail ip the ceiling is pulled some way to one side by a thread which 
is always kept horizontal. Explain why this operation will increase 
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the stretching of the elastic. Illustrate your answer hy a diagram. 
(P.T. 1902.) 

12. As a train draws up at a station on a rainy day, water flows 
from the roofs of the carriages hy their front ends. As the train 
leaves the station the water flows oil from the rear ends of the 
carriages. How do you account for this? (Certificate, 1904.) 

13. A train moving out of a station covers in successive seconds 
4, 8, 12, 10, 23, 30, 34, 38, 42, and 44 feet. Nairn? the various 
kinds of motion with which the train is moving during this period. 
What is the mean velocity in miles per hour during the last second ? 
(Certificate, 1905.) 



CHAPTER V. 

MEASUREMENT OE MASS, WEIGHT, DENSITY. 


15. MASS AND WEIGHT. 

i. Meaning 1 of mass and weight.— (a) Take two pieces of iron or 
brass, called in ordinary language, “puui.d” and “half-pound” 
weights; or a “pound” and a “ two- 
pound” will do. Lift the two pieces of 
metal. One fools heavier than the other, 
irjTyl ir^j| that is, the masses are diiloront. 

Ip Ml M M (h) Place a certain amount of lead in one 

F M r 1 ]»an of a balance, and counterpoise it with 
I ' ^ 'Trl cotton -wool in the other pan. The masses 

k. i rjpl are equal hut t in* volumes are different. 

|i|i r 1 (r) Examine the parts of a spring balance 

I:;' £ in (Fig. 33). Attach one ounce Lo the balance 

IP M IUPII and show that the marker is pulled down 

rf Ji to the division 1. The pull of the spring 

0 |J upwards and of the ounce? downwards are 

Cj/ J (d) If possible, using a delicate spring 

G (L/ balance, such as is used for weighing letters, 

$2 show that the downward pull of a mass of 

N ^ r iron can he increased by holding a strong 

magnet under it ( Fig. 33). 

U U ii. The balance. — (r/ ) Uncover the balance 

M p and identify the different parts by reference 
to Fig. *>4. Raise the beam, A />, of tlie 
/ • balance, olT tin* snj»port.s by turning tin; 

/ handle C. Notice whether the pointer F 

swings equally on both sides of the middle 
Pia .ta.-The iron weight (|f t]|t . S( . a .l ( . '<; . if j t , does the balance is 

hc-ni^by “ mwH*''biit lwu lV f«r use ; )>ut, if not, let clown the 
tlu; mass docs not change, beam and turn the small screw at J», then 
try again. Repeat this adjustment until 
the swings to right and left are equal. 

{b) When using the balance a finny* place the substance to be 
weighed in the left-hand pan , E, of the balance. Examine your box 
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Compare a pound with a kilogram. Hang the 100 gram mass 
from a spring balance, and notice that the downward pull or its 
weight is equal to the weight of 3J ounces. 

(d) Place a weight of 100 grams in one pan of a balance, and show 
that it can be balanced by 3^ ounces in the other pan. 

(t) What then is the British equivalent of the weight of a 
kilogram? It is evidently equal to the weight of 3J ounces x 10= 
weight of 3f) ounces = weight of 21 lbs. (roughly). 

(/) To become familiar with the process of weighing, find the mass 
of a penny, a halfpenny, and other suitable bodies. 

Standards of mass. — In our country the standard or unit of 
mass is the quantity of matter contained in a lump of platinum 

of a certain size which 
is deposited with the 
Board of Trade. This 
amount of matter is 
called the Imperial Stan- 
dard Pound Avoirdupois, 
and Ave speak of the 
mass of any other body 
as being a certain num- 
ber of times more or 
less than the standard 
pound, that is, as con- 
taining so many more 
times as much (or as 
little) matter as is con- 
tained in the imperial standard pound. But this is not a 
universal standard ; in France they have a standard of their 
own. The French standard is kept at Sfcvres and is called a 
kilogram (Fig. 36). The system of masses founded upon this 
standard is used in all scientific work throughout the world 
and also in the commercial transactions of many countries. 

In the metric system the mass of water which will exactly 
fill a cubic centimetre at a temperature of 4° C. is called a gram. 
The same prefixes are used to express fractions and multiples 
of a gram as are employed in the case of the metre and 
litre. The kilogram, or unit of mass, is one thousand times 
greater than that of a gram, and is the unit in use for ordinary 
purposes. 



1 lb. 1 Kilogram. 

Fiq. 30. — Comparative sizes of the British Stan- 
dard Pound and the Metric Kilogram. 
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Metric Measurement of Masses. 

10 milligrams— 1 centigram, j 10 grams =1 dekagram. 
10 centigrams = 1 decigram. I 10 dekagrams =1 liektograni. 
10 decigrams =1 gram | 10 hektograms = 1 kilogram. 

Mass is not weight. — If a mass of 1 lb. is dropped from the 
hand it falls to the ground. If the same mass is hung upon the 
end of a coil of iron wire, the coil is made longer by the down- 
ward pull of the mass lixed to its end. The amount by which 
a steel spring is lengthened, as the result of such downward pull 
of masses attached to its end, is used to measure their weights in 
the instrument called a spring balance. If a very delicate balance 
of this kind, like those used in weighing letters, is used, the 
weight of a small piece of iron hung on to the balance can be 
made to appear greater by holding a strong magnet beneath it. 
But, though the weight may appear greater, the mass or quantity 
of matter is, of course, the same whether the magnet is under 
the iron or not. There is thus a very clear distinction between 
mass and weight, for mass signifies quantity of substance, while 
weight is the earth’s puli on the substance. 

This pull or attraction which the earth has for matter is an 
instance of what is called a force ; this force is usually called the 
force of gravity. Everyone has a general idea as to what is 
meant by force. For its definition and its measurement the 
student should refer to Chap. IV. The following instances 
will, however, indicate sufficiently the sense in which the word 
is used. Tn order to move a heavy mass from rest an effort 
must be put forth : force must lie used. To stretch a coiled 
spring requires the exertion of a force. When a body is raised 
from the ground the force with which the earth pulls it is over- 
come by a lifting force. The force with which a body is attracted 
by the earth is its weight. But it must be remembered that 
this force is just the same whether the body actually falls to the 
ground or not. When objects are supported on a table, for 
example, the earth attracts them just as much, only the table 
prevents them from falling, as they would do if there were 
no table there. 

Measurement of mass and weight. --A mass is always 
measured in terms of some standard mass. The method of 
doing this is to counterpoise the body, the mass of which it is 
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desired to measure, with standard masses/ This is done with the 
help of a balance, or pair of scales. 

In the simple balance the beam, AB. is supported at the 
centre (7, and if the balance is true, the scale pans have no 



tendency to dip either on one side or the other. When, as in 
this case, the pans are suspended from points at equal distances 
from the pivot, any mass in one pan is balanced by an equal 
mass in the other. 

The earth's attraction for equal masses, at any one place, is 
the same, or shortly staled equal masses have equal weights. 
Thus any weight can be compared with the weight of standard 
masses. The weight of a body which, as has been stated, is the 
pull of the earth upon it, may be measured directly by a suitably 
graduated spring balance. 

In ordinary language this distinction between mass and 
weight is not made. The word weight is used to mean both 
the amount of matter in a body and also the pull of the earth 
upon it. Having directed attention to the distinction, we 
shall in future use the word weight in its ordinary sense. 

16. DENSITY. 

i. The density of different bodies varies, —{a) Determine, by 
means of a balance., the weight, of a cubic centimetre of wood, lead, 
cork, and marble, and record the results thus : 

Weight of the cubic centimetre of 
wood (oak)- 0*82 grams, 
lead - II .T/ „ 

cork - 0*24 ,, 

Tiviclilii ‘>•‘■‘.1 
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(b) Place, in one pan of a balance, the cubit; centimetre of lead used 
in the previous experiment and cut a regular piece of soap from a 
oar so that it just counterpoises the lead. Find the number of cubic 
centimetres in the soap. 

(r) Counterpoise two small bottles of the same size. Fill one with 
waiter and the other with methylated spirit. Notice that the bottle 
of water is heavier than the bottle of spirit, though the volume of 
each liquid is the same. 

{(/) Counterpoise a pint measure or bottle with some sheet lead. 
Fill the bottle with water, and place metal weights in the opposito 
pan to balance it. Notice that the size of the metal is much less 
than the size of the pint of water. 

The meaning of density. — 1 . Pieces of different substances 
of the same size or volume may have unequal weights. 

2. Pieces of different substances which have equal weights 
may have very different sizes or volumes. 

It is usual to speak of these facts by saying that tilings have 
different densities. A pound of feathers, or cotton -wool, has 
exactly the same weight as a pound of lead, hut the feathers (or 
the cottonwool) take up much more room, or have a larger 
volume, than the piece of lead. The matter in the lead may be 
picked more closely than in the feathers, which accounts for its 
taking up less room. The shortest wav of saying all this is to 
say that lead is denser than either cottonwool or feathers. 

If a small thing is comparatively heavy, then it is called a 
dense tiling, or it is said to have a high density. If, on the other 
hand, a large thing has a small weight, it is said to have a low 
density. Moreover, the densities of things having equal volumes 
are in the same proportion as their weights. 

Standard of density. I Jut to compare densities it is better 
to have a standard, just as we have a standard of length, the 
yard, with which to compare other lengths ; or a standard of 
area w'ith which to compare other areas. The density of water 
at a certain fixed temperature is taken as the standard. Why 
it is necessary to specify the temperature will be understood 
later. 

The; weight of one cubic centimetre of water at a temperature 
of 4' (J. (see p. 58) is one gram, and its density is taken as the 
standard of density, and is called 1. Similarly, a substance, the 
weight of a cubic centimetre of which is two grams, would be 
said to have a density of 2, for it must contain twice as much 
matter as water does, packed into one cubic centimetre. The 
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weight of a cubic centimetre of quicksilver is 13‘(3 grams, i.e. it 
contains 13*6 times as much matter in one cubic centimetre 
as there is in one cubic centimetre of water. Its density is 
therefore 13*6. 

Density is the weight of unit volume of a substance.— 

Suppose a cube of soap and a cube of lead be cut so as to have 
equal weights ; the soap will evidently be larger than the lead, 
and it will be just as many times larger as its density is less 
than the density of the lead. With equal weights, the greater 
the density the smaller is the volume. It follows from this that 
if the volume of a body is multiplied by its density, we obtain 
its weight. Or, expressed as an equation, 

volume x density = weight, 
from this it follows that 


density 


weight 

volume’ 


In using this relation between the volume and weight care 
must be taken that the values of weight and volume are reduced 
to the proper units. In all scientific work it is customary to 
adopt the cubic centimetre and gram as the units of volume and 
weight respectively. 

The ratio of the weight of any volume of a substance to the 
weight of the same volume of water is equal to the relative 
density of the substance, or, as it is 
frequently called, the specific gravity. 


17. SOME METHODS OP DETER- 
MINING RELATIVE DENSITY. 

i. By means of a relative density or specific 
gravity bottle. — (a) Counterpoise an empty 
specific gravity bottle, or a flask having a 
mark on its neck (Fig. 38). Fill the flask 
up to the; mark with methylated spirit and 
weigh it ; then empty the? flask, dry it, and 
Fin 38 —A bottle for ^ with water up to the; same; mark. Weigh 
uae in determining rela- again, and from the two values thus deter- 
tive densities. m ineel find the relative density of the spirit, 

remembering that 

Relative density = weight of snWanoe 

weight of equal vol. of water 
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(h) Following the method of the previous experiment, determine 
the relative densities of two or three liquids, such as turpentine, 
milk, vinegar, beer, wine, sea-water or a solution of salt, ana ink. 


(r) Weigh out about UK) grams of shot. Fill the specific gravity 
flask with water, and counterpoise it together with the shot. Next 
put the shot into the bottle, and remove the water displaced. Add 
weights until the index of the balance swings evenly. The weights 
added must equal the weight of 


the water displaced, that is, the 
weight of a volume of water 
equal in volume to the shot. 
Therefore 

Relative density of the shot 
weight of shot 
“weight of water displaced’ 

(d) Find by the method used 
in the preceding experiment the 
relative densitiesof such common 
things as tin tacks (which are 
really made of iron), bits of slate 
pencil, brass wire, and brass 
nails. 

ii. The relative density of 
liquids determined by balancing 
columns. — (a) Make a U-tube 
by bending a piece of glass 
tubing, or by connecting two 
pieces of tubing of equal bore 
with a piece of india-rubber. 
Mount the tubes upon a strip of 
board. Pour quicksilver into 
one of the branches of the U- 
tube until it reaches a horizontal 
line drawn on the board (Fig. 39). 

Now t introduce water into one 
of the tubes, and notice that the 



Kic. 30.— An arrangement for balancing 
columns of liquid. Mercury is in the 
bend of the tube, up to the line on the 
upright board. 


mercury on which the water rests is pushed down ; afterwards 


introduce enough water into the other tube to bring the mercury 
back to its original level. By measuring you find the length of each 


column is the same. Repeat the experiment with different quantities 
of water. 


(6) Remove the water and dry the tubes, and see that the mercury 
is up to the mark. Nearly fill one of the tubes with some liquid, 
such as methylated spirit, and balance it with water introduced 
into the other tube. Measure the lengths of the; columns of liquid. 

Determine the relative density of the liquid, using the equation 
that 


i ,. j t ... length of water column 

Relative density of spirit = 61 , ■ — . . 

length oi spirit column 
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iii. Hare’s apparatus. — Connect two glass tubes with a three-way 
tube as shown in Fig. 40. Let the lower ends of the glass dip into 
different liquids ; then ‘apply suction to the short tube at the top, 

and when the liquids have risen to 
a convenient height close the clip 
upon the india-rubber. Measure 
the height of the liquid in each 
tube above the level of the liquid 
below. The heights are inversely 
proportional to the densities. 

Determination of relative 
densities by relative density 
bottle. — A simple method of 
determining the relative densities 
of substances is to use a specific 
gravity or relative density bottle. 
Such a bottle often consists of a 
small glass flask, bolding about 
fifty grams of water. It is 
provided with a nicely-fitting 
ground stopper, with a very 
small bore through it or a 
vertical groove cut. upon it 
(Fig. 3N). To use the bottle ill 
determining the relative density 
paring the densities of liquids. ™ b<] lllds and powders, tile weight 

of the empty bottle and stopper 
must first be known. The bottle is then filled with pure water, 
the stopper inserted, and the water which is forced through the 
bole in the stopper wiped off, and the bottle and its contents 
weighed. In this way the weight of water which just fills the 
bottle is found. If now we empty the bottle and carefully dry it 
inside and out, and till it with the liquid of which the density is 
required, say spirits of wine, and weigh again, we have the weight 
of the liquid which just fills the bottle, or the weight of equal 
volumes of the liquid and water. The ratio— weight of liquid 
divided by weight of water— gives the relative density of the liquid. 

Instead of a bottle of this kind, a flask having a narrow neck 
around which a horizontal mark has been made may be used. 
The weight of water which fills the flask up to the mark may 
thus be compared with the weight of liquid which fills it to the 
same mark. 
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Suppose the weight of water in a relative density bottle was 
found to be 50 grams, and the weight of the same volume of 
methylated spirit was found to be 40 grams. Then these 
numbers show the relative densities of the two liquids, and 
as we take the density of water as the standard or unit, the 
density of the spirit is equal to 40 divided by 50. It is 
thus seen that the relative density of spirit is represented 
by the fraction ![•} or J, which expressed as a decimal fraction 
is 0 8. 

Determination of relative densities by balancing columns 
of liquid.- A convenient way to balance liquids against one 
another, and so compare their densities, is by means of a glass 
tube bent in the form of a U. 

When a U-tube is arranged, as in Fig. tt9, the mercury in the 
bend acts just like a pair of scales, and a column of water in one 
of the upright arms can be balanced against a column of the 
same length in the other. The columns of water are the same 
size, or have tin* same volume, and they balance one another, 
consequently their weights must be the same : and since their 
weights are equal and their volume the same, they must have 
the same density. 

Hut suppose water is put in one arm of the U-tube, and 

enough methylated spirit into the other to make the mercury 

stand at the same height in the two arms. Here there is a 

different, state of affairs. Tin? column of spirit which balances 

the column of water will be the longer, hence its size or volume 

is greater, since the tubes are the same width. But because 

they balance, their weights must be the same ; and the lengths 

of the spirit and water columns are inversely proportional to 

the densities of the two liquids. Thus, 

f , , 1 v length of water column 

Relative density of spirit.--^. ‘ . _ 

length ot spirit column 

Hare’s apparatus for determination of relative densities. 

— A convenient arrangement to use in determining the relative 
densities of liquids which mix is represented in Fig. 40, and is 
known as Hare’s apparatus. Two straight glass tubes are con- 
nected at the top by a three-way junction, upon the unconnected 
end of which a piece of india-rubber tubing is placed. The 
lower ends of the tubes dip into beakers containing the liquids 
the relative densities of which have to be determined. By 
L.S. I. E 
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applying suction to the free end of the rubber tube, the two 
liquids are drawn up the glass tubes, and the heights of the 
liquid columns above the level of the liquids in the beakers will 
be inversely proportional to the relative densities of the liquid 
employed. The principle is thus precisely the same as that of 
the U-tubc, but bv using the form of apparatus here described, 
the relative densities of liquids which mix can be more conveni- 
ently found than by the ordinary U-tube into which the liquids 
have to be poured. 


CHIEF POINTS OF CHAPTER V. 


Mass is the amount of matter in a thing. The British standard 
of mass is the Imperial Pound avoirdupois, and the metric standard 
in common use is the Kilogram. The metric standard of mass used 
in scientific work is the (/ram, Masses may he compared by a pair 
of scales. 

The weight of an object is the force with which the object is 
polled toward the centre of the earth. Weight can he measured 
by a spring balance. 

Density. — Equal volumes of different substances may have different, 
weights. Equal weights of different substances may have different 
volumes. Or, different substances may have different densities. 

Specific gravity, or relative density, is the ratio of the weight of 
any volume of a substance to the weight of an equal volume of 
water. 


Relative density = 


mass (or weight ) of a substance 


mass (or weight) of an equal volume of water' 
Balancing columns of liquids. — The densities of two liquids 
balanced in a U-tube are in tin? inverse proportion of the lengths 
of the columns. Or, 

tji . • i r v length of water column 

Relative density of a liquid = , - , — - , . 

lengt h ot liquid column 


Metric Measures of Mass. 


ttfW = M illi-gram. 
— Oenti-grain. 
xn — l)eci-grani. 


1 - Gram. 

10= Dekagram. 
100 - Hekto-gram. 
1000- Kilogram. 


British and Metric Equivalents. 

I gm. -about 1;».J grains. I 1 oz. Avoir. —about 28® grams. 

1 kgm. = „ lbs. I 1 lb. Avoir. — ,, 4 ° 0 kilogram. 
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The following summary, dealing with standards of weight and 
measure, is exhibited in the Victoria and Albert Museum, South 
Kensington : 


Standards of Weight and Measure. 

The “yard” of 36 inches, is the unit or standard measure of 
extension, from which all other imperial measures of extension, 
whether linear, superficial, or solid, are ascertained. 

The “pound” is the unit of the measure of weight from which 
all other imperial weights, or measures having reference to w r eiglit, 
are ascertained. The one seven thousandth part of the pound is a 
“grain.” One sixteenth part of the imperial standard pound 
(437£ grains) is an ounce (avoirdupois). 

The “ ounce troy” consists of 480 grains and is now the only legal 
standard troy weight. 

All articles sold by weight must lie sold by avoirdupois w eight ; 
except that — 

(1) Mold and silver, and articles made thereof, including gold and 
silver thread, lace or fringe, also platinum, diamonds, and other 
precious metals or stones, may he sold by t he ounce troy or by any 
decimal parts of such ounce — and 

(2) Drugs when sold by retail, may be sold by apothecaries’ 
weight. 

[The “ apothecaries’ ” ounce is of the same weight as the troy 
ounce, of 480 imperial grains.] 

The unit or standard measure of capacity from which all other 
measures of capacity, as well for liquids as for dry goods, are 
derived, is the “gallon” containing ten imperial standard pounds 
weight of distilled water (weighed in air against brass weights) at 
the temperature of 02' Fahrenheit and with the barometer at 
30 inches. 


Metric System of Weights and Measures. 

The third Schedule to the Weights and Measures Act, 1878, sets 
forth the equivalents of imperial weights and measures and of the 
weights and measures therein expressed in terms of the metric 
system, and Sect. 21 of the Act provides that a contract shall not 
be invalid if weights or measures of the metric system, or decimal 
subdivisions of imperial weights and measures, are used in it. 

The unit of Length is the “ Metre,” = 39 3708 indies. 

,, ., Surface ,, “Are,” = 100sq. metres = 11 9 ’6033 sq. yds. 

,, ,, Capacity,, “Litre,” = , fl V ri euh. met re = 1 *76077 pints. 

,, „ Weight ,, “Cram,” = 1;V43234S7 grains. 

(A gram is the weight of a cubic centimetre of distilled water at 
4° centigrade. ) 
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EXERCISES ON CHAPTER V. 

1. Define the mass and wnt/hl of a material body, carefully dis- 
tinguishing between the terms. 

2. Give the British and metric; measures of mass. 

3. What is a spring balance and what can be measured with it? 

4. What particulars about a given mass could you determine 
(a) by using a, spring balance, (h) by means of a pair of scab's ? 

5. A body of which the volume is 1 *5 litres, has a mass of 
25 kilograms. What is the mass in grams of 1 cubic centimetre of 
the body. 

What is the volume at 4° C. of 1,712 grams of water ? 

6. How is the relative density of a liquid determined with a 
specific gravity bottle ? 

7. Explain a simple method for ascertaining the relative density 
of small shot or tin-tacks. 

8. Being provided with two pieces of glass tube and a piece of 
india-rubber tubing, explain how you would proceed to (i) com- 
pare the relative densities of olive oil and spirits of wine, (ii) ascer- 
tain the relative density of a specimen of milk. 

9. You are given a small rectangular block of brass, and you 
have at your disposal a measuring rod divided into centimetres and 
millimetres, a balance and weights, some fine wire, and a. vessel of 
water. How will you determine, by two perfectly independent 
methods, so that the results may form a check on one another, the 
volume of the block? Describe exactly what, calculations you will 
have to make, and say upon what scientific principle, if any, each 
of your methods depends. (L.C.C. Int. Sell.. 1898.) 



CHAPTER VI. 


PARALLEL FORCES. CENTRE OF GRAVITY. 

THE LEVER AND OTHER MACHINES. 

18. PARALLEL FORCES. 

i. Example of parallel forces. — Place the ciuls of a stiff lath or 
rod of uniform thickness upon two letter balances, or support the 
rod l>v hanging each end from a spring balance. Notice the. load 
borne by each balance : then weigh the rod, and so determine the 
fraction of the load supported at each end. 



Fio. lid— The reading of the spring balance is equal to the total weight 
of the lath and the loads. 


ii. Resultant of parallel forces. — («) Suspend a light lath from a 
spring balance by a ring aU>ve its centre (Fig. 41 ). Notice the 
reading of the balance. Hang two equal freights in bags from the 
ends of the lath, and again observe the reading of the spring balance. 
Repeat the experiment with unequal weights placed in bags arranged 
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on the lath so as to counterpoise one another. Record your results 
thus : 


Weight of 
lath A. 


Weight /». 


Weight C. 


To1.il 

A Mi [ C. 


] {ending of 
Mpriuw 
Halanee, li. 


By comparing columns 4 and o it. will bo seen that the throe 
downward forces A, />. and (\ acting upon the lath, are kept in 
equilibrium l»y one upward force /?. 

(/») llang the two weights /» and C together from the middle of 
the lath suspended from the spring halane«>. Notice that the rend- 
ing of the balance is the same as when the two weights are hung 
from the ends of the lath. 

Parallel forces. — It has been seen that the earth exerts a 
downward pull upon all objects on its surface, and that in 
consequence of this all things fall to the ground if unsupported. 
It follows, therefore, that every mass which is supported above 
the earth’s surface is constantly being pulled downwards, even 
though it does not fall. If a. beam, for instance, is supported 
horizontally by resting the ends upon two posts, each particle 
of it may be regarded as being pulled earthwards by an 
attractive force. The direction of the pull is everywhere 
towards the centre of the earth, so for any one spot on the 
earth’s surface we may consider the attractive forces due to 
gravity to be parallel to one another. 

When a stiff lath or rod of uniform thickness rests upon two 
letter balances, or is supported by hanging each end from a 
spring balance, the experiment represents on a small scale the 
case of a beam referred to before; and by using spring balances 
it can be proved that the weight supported at its ends is 
equally divided between the two supports. In other words, 
the two upward forces exerted by the balances are together 
equal to the downward force represented by the weight of the 
beam. 

If a load be placed anywhere upon the lath, the balances still 
show that when the lath is in equilibrium the sum of the 
upward forces is equal to the sum of the downward forces. 
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Principle of parallel forces.— The principle of parallel 
forces demonstrated by the experiments referred to may now 
be definitely expressed as follows : The resultant of a number of 
parallel forces is numerically equal to the sum of those which act 
in one direction, less the sum of those which act in the opposite 
direction. In other words, the resultant is equal to the algebraic 
sum of the forces. 

If two equal parallel forces act in the same direction upon a 
body, the total force will be obtained (as might be expected) by 
adding the two individual forces together. In like manner, if 
two unequal parallel forces act in opposite directions the net 
effect can be found by subtracting the smaller of the two forces 
from the greater ; the direction of the resultant is that of the 
greater force. 


19. DETERMINATION OF CENTRES OF GRAVITY. 

i. Experimental methods of determining centres of gravity.— (a) 

Procure a disc of sheet cardboard and find by trial the point on which 
it may ho balanced, that is, the centre of gravity of the disc. Make 
a hole in the card near t he edge, and take a plumb-line- consisting of 
a thread with a piece nf lead tied at one end and a hook of thin wire 
at the other, llang the disc from the hook, and then suspend both 
as shown in Fig. 42, so that the disc and lead are both suspended 
and the thread passes over t he point of suspension. The thread also 
passes through the centre of gravity. Do this for various holes in 
the edge of the disc, and see that in all oases tin* a rfical iim through 
the jioiut of suspension, putts' x through tin autre of y rarity. 

{!>) Another way to find the centre of gravity of a plane figure, 
such as a triangular plate of metal or card, is to tie strings at each 
corner of the plate. Then hang the plate by one of the strings to a 
support such as one of the rings of a retort stand. Allow it to come 
to rest, anti, using a straight edge, draw a chalk mark across the 
plate in the Manic- straight line with the string as shown by tilt* 
dotted line in the figure. Now attach tin* same plate by one of 
the other threads exactly as before, and again make a mark in 
continuation of the string. The two chalk marks intersect at a 
point marked (l. Fig. 4.T Untie and do the same with another 
string, the third line passes through tin* intersection of the first 
two. Obtain a similar point for each of the otlnT plates. Also 
determine in the same wav a similar point for irregular plates of 
wood, zinc, or cardboard. 

ii. Centres of gravity of skeleton solids.— (a) Procure a skeleton 
cube or tel rahed roil, and suspend it as in the preceding experiments. 
Mark the verticals through the point of suspension by light wires 
attached by wax, and thus find the position of the centre of gravity, 
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The centre of gravity will not be on any of the bars of the skeleton 
solid used. 

(b) Find the centre of gravity of an open wickerwork basket, such 
as a waste-paper basket. To do this, suspend the basket, and hang 



Fin. 42.— Determination of Fig. 4”.— A method of determining coni re of 
centre of gravity of a disc. gravity. 


a plumb-line from the point of suspension. Tie a piece of thread 
across the basket in the direction of the plumb-line ; then suspend 
the basket from another point, and notice where the plumb-line 
crosses the thread. The point of intersection, which need not be 
actually on the framework itself, is the centre of gravity. 

Centre of gravity. — Consider a large number of weights, 
some heavier than others, suspended from a horizontal rod. 
A certain position can be found at which a 
spring balance would have to be attached 
in order to keep the rod in equilibrium. 

When the rod is hung from this point 
the tendency to turn in one direction is 
counteracted by the tendency to turn in 
the other, so the rod remains horizontal. 

The weights may be regarded as parallel 
forces, and the pull of the spring balance Fm. 44.- Pamilci^forccs 
as equal to their resultant. Now consider 

a stone, or any other object, suspended by a string. Every 
particle of the stone is being pulled downwards by the force of 
gravity, as indicated in Fig. 44. The resultant of these parallel 
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forces is represented by tlie line OF, and the centre of the 
forces is the point O. The point O, through which the resultant 
(OF) of the parallel forces due to the weights of the individual 
particles of the stone always passes, is known as the amtre of 
gravity. For the stone to be in equilibrium, the string must be 
attached to a point in the line OF, produced upwards. 

Every material object has a centre, of gravity, and the 
position of this point for a particular object is the same so long 
as the object retains the same form. 

Experimental methods of determining centres of gravity. 
— The centre of gravity of such geometrical figures as circles, 
squares, and parallelograms is really the centre of the figures, 
and can therefore be determined geometrically. In the case of 
unsymmetrical figures, however, the? centre of gravity cannot be 
so easily found by geometry, and is best determined by 
experiment. 

The experimental method adopted for determining the? centre 
of gravity of any material body depends upon the considera- 
tions set forth in the preceding paragraphs. The body, the 
centre of gravity of which is required, is allowed to hang quite 
freely, either by means of a cord or on a smooth peg, and when 
it has come to rest a vertical line through the point of support 
is marked upon it. Jf a. string is employed, this vertical line 
will be a continuation of the string, and is at once drawn bv the 
help of a ruler. If the body which is being experimented with 
is hung from a smooth nail, by means of a hole bored in the body, 
the vertical line must be drawn with the help of a plumb-line. 
The point of support is then shifted and the operation repeated. 
Since the centre of gravity of the plate is in both straight lines 
it must be located at their intersection. 

Plates of all shapes balance about their centres of gravity. 
— After the centre of gravity of a sheet of metal, or other stiff 
material, has been determined by hanging it from a support 
in the manner described in Experiment it) i. (a) and (h), it will 
be found that if this sheet be so arranged that a pointed upright 
is immediately under the centre of gravity, the plate will be 
supported in a horizontal position. This affords a convenient 
means of cheeking the correctness of the experiment performed. 

Geometrical determination of centres of gravity. It 1ms 
been sufficiently explained that the centres of gravity of straight 
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lines, circles, squares, and other regular figures is at their 
geometrical centres. Hence, the geometrical constructions for 
determining these central points also locate the positions of 
their centres of gravity. 

The centre of gravity of a parallelogram is at the intersection 
of its diagonals. 

The centre of gravity of a triangle is determined by bisecting 
any two sides and joining the middle points so obtained to the 
opposite angles. The intersection of the lines so drawn gives 
the centre of gravity. The centre of gravity is found, by 
measuring, to be one-third the whole length of the line drawn 
from the middle point of the side to the opposite angle, away 
from the side bisected. 

We may, in fact, consider a triangular plate as made up of a 
number of narrow strips of material which decrease in length 



Fin. 4i*. — (ieoimstrical illustration of centre of gravity of a triangular plate. 


from the base to the apex. The centre of gravity of each strip 
is the middle of the strip ; hence the line drawn from the apex 
to the middle of the base passes through each centre of gravity 
(Fig. 45, .1). By taking another side as base, a similar line can 
be drawn from the middle to the opposite angle (Fig. 15, />). 
These lines intersect at one-third the distance up the line so 
drawn, measured from the base, and the point of intersection is 
the centre of gravity of the triangular plate (Fig. 45, (■). 

To find the centre of gravity of a quadrilateral by con- 
struction, the plan is to divide it into two triangles by drawing 
a diagonal. By the method just described the centre of gravity 
of each triangle is found, and the points so obtained are joined. 
The centre of gravity of the quadri lateral lies on this line. 
Repeat the process drawing the other diagonal. Join the 
centres of gravity of the second pair of triangles, the centre of 
gravity of the quadrilateral lies on this line. Hence, it is 
situated at the point of intersection of this line and the first one 
obtained in the same way. 
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Centres of gravity of other bodies. -The method of 
drawing lines across the surface of a thin plate is not practicable 
in the case of bodies such as blocks or skeleton solids having 
three dimensions. The experiments described in 19 ii. explain 
two methods which can be employed usefully in cases of this 
kind. The ingenuity of the student will provide other equally 
suitable plans for particular cases. 


20. EQUILIBRIUM. 

i. Conditions of equilibrium.— Place upon a square-edged table or 
board one of the cardboard figures of which you have found the 
centre of gravity. Gradually slide the figure near the edge until it 
would just topple over; keeping it in this position, draw a line 



STABLE NEUTRAL UNSTABLE 


Fin. 40.— Relative positions of centre of gravity and point of support for 
stable, neutral, and unstable equilibrium. 

along the under side of the cardboard where the edge of the table 
touches it. Then place the cardboard in another position and again 
mark where the edge of the table touches it when it would just 
topple over. The intersection of these- lines is tin* centre of gravity, 
and it will he noticed that the cardboard would just topple over 
when the centre of gravity falls outside the edge of the table. 

ii. Stable, neutral, and unstable equilibrium. Procure an oblong 
strip of wood or cardboard (Fig. 41i). Support the strip as at A by 
a long pin pushed through it ; it is then in stable equilibrium, for 
the slightest turn either to right or left raises the centre of gravity. 
When supported as at i>\ the strip is in neutral equilibrium ; and 
when supported as at 6 Y , it is in unstable equilibrium, for the 
slightest movement lowers the centre of gravity. 

Relation of centre of gravity to base of support.— A 

circular disc, in which it will be remembered the centre of 
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gravity coincides with the geometrical centre, will not rest upon 
a table if the centre is beyond the edge of the table, but will 
topple over. In a similar way, if anv plane figure lies flat upon 
a table, the centre of gravity of the figure must be within the 
edge of the table. The same conditions apply to any object 
resting upon a. support. For an 
object resting upon a base to be in 
equilibrium, a vertical line drawn 
from the centre of gravity down- 
ward must fall within the base. 

When this vertical line falls outside 
the base the body topples over. 

Consider the case of an omnibus 
on level ground. The centre of 
gravity is somewhere inside the 
omnibus, and a vertical line drawn 
from it downwards would fall within 
a line traced around the omnibus 
upon the ground. Hut, if the out- 
side of the omnibus is filled with 
people and the vehicle happens to 
be running across a sloping road, it might topple over, for a 
jerk might cause so great a change of position of the centre of 
gravity as to make the vertical line from the centre fall outside 
the base of support, and in such a case an accident must happen 
(Fig. 47). 

Equilibrium. — When a body is at rest, all the forces acting 
upon it balance one another (or, what is the same thing, any 
force is equal and opposite to the resultant of the remaining 
forces), and it is said to be in equilibrium. It is in stable 
equilibrium when any turning motion to which it is subjected 
raises the centre of gravity ; in unstable equilibrium when a 
similar movement lowers the centre of gravity, and in neutral 
equilibrium when the height of the centre of gravity is unaffected 
by such movement. Consequently, if a body in stable equili- 
brium is disturbed, it returns to its original position ; if in 
unstable equilibrium, it will, if disturbed, fall away from its 
original position : while if the condition of equilibrium is 
neutral it will, in similar circumstances, stay where it is 
placed. 



Fio. 47. — If the vertical line 
from t-lii! centre of gravity should 
fall outside the base of support, 
tlic omnibus would topple over. 
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Conditions of stability of suspended and resting objects. 

— The ceil tie of gravity must in every case be below the point 
of support for a suspended object to be in equilibrium. The 
greater the distance between the point of support and the 
centre of gravity the greater is the tendency to return to the 
position of equilibrium. 

When the centre of gravity and the point of support of a 
suspended object are close together the equilibrium of the 
object is easily disturbed. A good balance partly owes its 
sensitiveness to this condition, the centre of gravity and point 
of support being designedly brought close together. 

Tt has been shown that in the case of a freely suspended 
object the centre of gravity is at its lowest point when the 

object is in equilibrium. 
Let us see how this applies 
to a body supported upon 
a surface below the centre 
of gravity. 

A body is least liable to 
be upset when the centre 
of gravity is at a con- 
siderable distance from all 
parts of the edge of the 
base; for, when this is the case, the body has to be tilted through 
a large arc before the centre of gravity falls outside the base. 

A funnel standing upon its mouth is an example of a body 
which cannot be easily overturned on account of the low centre 
of gravity and its distance from the edge of the base (Fig. 48, J). 
It is then in stable equilibrium. If the funnel is stood upon 
the end of the neck it can be easily overturned, because very 
little movement is required to bring the centre of gravity out- 
side the base. It is thus in unstable equilibrium. When the 
funnel lies upon the table it is in neutral equilibrium, fur its 
centre of gravity cannot then get outside the points of support. 



Fin. lb. — A funnel in (.4) stable. equilibrium, 
(li) unstable equilibrium, (6') neutral equili- 
brium. 


21. THE LEVER. 

i. Balancing equal weights on a lever, (a) Make or obtain a lever 
consisting of a strip of light wood graduated in centimetres, and 
having a thin ring screwed into one edge, above the central point, 
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and a hook screwed into each end (Fig. 49). Hang the lever from a 
nail by the middle ring. If it does not exactly balance, plane oil a 
little wood from the end which sinks, or slightly unscrew the hook 
at the end which rises above the horizontal, until the lever does set 
itself horizontally. 



Fin. 4P. — A simple lever. 


Hang two pill boxes or small linen bags by their strings from the 
lever, one on each side of the fulcrum or pivot, at equal distances 
from it. Into one of the bags place say 50 grams, and find how 
many grams you must place into the other bag in order to restore 
equilibrium. Repeat the experiment with the bags at a, different 
distance. 

It will be found always that equilibrium is obtained when equal 
weights are at equal distances from the turning point or fulcrum. 

ii. Principle of moments.— (a) Place some pieces of lead in each 
of four linen hags, and adjust by means of shot or small bits of 
lead until they weigh respectively 50 grains, 100 grams, 200 grams, 
and 300 grains. Place the 100 gram hag about 12 cm. from the 
fulcrum of tin; lever, and balance it with a 50 gram bag on the 
other side. Record the distance from the fulcrum in each case. 
Repeat the experiment by balancing 50 grains against 100 grams, 
50 grams against 200 grams, 100 grams against 3(H) gi ants and other 
combinations. 

Record your observations in columns as below : 



Compare the numbers in columns 3 and 0, and state in words the 
law or rule indicated by the results. 

The experiments show that there is a delinite proportion between 
the weights on the two sides of a lever, and their distances from the 
fulcrum. Tin; proportion is : 

left b right . # right b left 

load * load * ’ distance ' distance. 

Or, expressed in another way, the loads are inversely proportional 
to their distances from the fulcrum. 
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The turning effect of any force acting upon a lever, as each load 
did in the experiment, is termed the moment of the force. The 
comparisons of columns 3 and 6 prove that the moment or turning 
effect is measured by the product of load into distance from the 
fulcrum. 

(b) llang two hags on the same side of the lever at different 
distances and one hag on the other side. Move the single bag until 
equilibrium is obtained. Dr) this several times with the hags in 
different positions, and compare the sum of the moments of the 
forties acting on out; side witli the moment of the force on the other 
side. 

(r) Hang a small hook or a hag with shot or nails in it on one side 
of the fulcrum, and the 100 gram hag from the other. Move this 
hag along the lever until equilibrium is obtained. Then, remember- 
ing that , _ A distance, , w distance.. 


load, x 


from fulcrum x from fulcrum, 


calculate the weight of the book or hag of nails. Repeat the experi- 
ment, using the 200 grain hag. 

In the preceding experiments the fulcrum has been between the 
forces due to the loads hanging from the lever. The forces may, 
however, both act on one side of the fulcrum. It is convenient to 
call one of the forces the effort and the other the resistanee. 

iii. Load between effort and fulcrum. Suspend the lever from its 
middle hook as before. Attach a spring balance near one end. and 
suspend a load from some point between the balance and the 
fulcrum. The principle of moments applies to this case as to the 
others, and you will find that 

reading of distance of balance _ , t i distance from 
balance x from fulcrum “ ° <lc x fulcrum. 


The forces acting in this experiment are the same as those called 
into play when a man lifts the handles of a wheelbarrow having a 
load in it. 

iv. Effort between load and fulcrum— Suspend a load from one 
end of the lever supported upon the central ring. Attach a spring 
balance to the lever between the load and the fulcrum, and hold the 
lever horizontal by means of it. Keeping the balance between the 
load and the fulcrum, show that whatever the relative distances of 
the two from the fulcrum, the principle of moments holds good 
when the lath is kept horizontal. This class of lover is similar, 
as regards the distribution of forces, to sugar-tongs and ordinaiy 
lire- tongs. 


Machines. — A machine is a contrivance by means of which a 
given force is made to resist or overcome another force acting 
in a contrary direction. 

What arc termed u the mechanical powers 35 are really simple 
machines which can be used to overcome resistance We have 
now to consider the mechanical principles underlying the action 
of such a simple machine as the lever. 
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Fig. r»0. — Terms used in connection with 
levers. 


The lever. — A lever is a rigid bar which can be turned freely 
about a fixed point. The fulcrum of a lever is the fixed point 
about which the lever can be turned. The force exerted when 
using, a lever is often described as the power and the body lifted 
or resistance overcome as the weight. These words arc con- 
venient. but they are not correctly used in connection with 
levers, as their true meanings are confused by so doing. It is 
better to substitute the word effort for power, and resistance or 
load for weight. It should be borne in mind, that, so far as 
mechanical principles are concerned, there is no difference 
between the power and the 
weight ; both represent 
forces, and as such they 
must be considered in the 
action of levers. 

The perpendicular dis- 
tances from the fulcrum to 
the lines of actions of forces 
acting upon a lever, are 

known as the arms of the lever. In Fig. 50 the distance AC is 
the arm at one end of which the “weight” acts, and BC is the 
arm at one end of which the “ power” acts. 

Classes of levers. — For convenience, levers are divided into 
three orders or classes, according to the relative positions of the 
fulcrum and the forces in action. The classes are as follows : 

Class T. Fulcrum between resistance and effort. Examples: 
see-saw. a pump-handle, a balance, a spade used in digging. 

Class II. Resistance between effort and fulcrum. Examples : 
nutcrackers and a wheelbarrow. 

Class HI. Effort between fulcrum and resistance. Examples: 
sugar-tongs, ordinary fire-tongs, and the pedal of a grindstone. 

These classes are of no real consequence, for the principle 
underlying the action of all levers is the same. 

It will, however, be a valuable and interesting exercise to 
follow out these di stir ret ions in the Figs, on p. 81. 

Principle of the lever. — It is easy to show by experiment, 
that when a lever is in equilibrium the following equation holds 
good : 

force on ^ distance _ force on x distance 
one side from fulcrum other side from fulcrum. 
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Fig. 51. Levers of the first order. Fig. 52.— Levers of the second order. Fig. 53 — Levers of the tim'd order. 
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This principle of moments applies to all levers, so that all that 
need be remembered when considering the action of a lever of 
any kind, are the forces working in one direction and their 
distances from the fulcrum, compared with the forces or resist- 
ances which oppose them and the distances of these from the 
fulcrum. 

Moments.— liefer to the diagram (Fig. r>4), where /^represents 
the point of support, or fulcrum, of a lath or other straight lever, 
and M x is a weight at a distance AF in equilibrium with a 
smaller weight J/ 2 , at 

a greater distance FB. A F B 

The force acting at I A I 

A is the weight of Af u | I 

acting vertically down- 

wards ; and the force Flo. 54. — To illustrate moments of forces, 

at B is the weight of 

AI a, acting in the same direction. Each force tends to turn the 
lever in a particular direction, and this turning effect is called 
the moment of the force. The moment of the force acting verti- 
cally downwards at A is the product of the force equal to the 
weight of M x into the distance AF, which, as the diagram shows, 
is measured at right angles to the direction in which the force 
acts. Similarly, the moment of the force equal to the weight of 
about the point F, is equal to the product of this force and 
the perpendicular distance BF. 

This is a rule of universal application for taking moments 
which will have to be used several times later on, and should bo 
well borne in mind. 

The moment of a force about any point is the product obtained 
by multiplying the force by the perpendicular distance between the 
point and the line of action of the force. 

The principle of work. — Though the subjects of work and 
energy cannot be considered fully in this book, it may be 
stated here that work is measured by the product of a force 
into the distance through which a body is moved in the direction 
of the force. Now, in every case where such a simple machine 
as the lever is concerned, the work done by one set of forces 
is equal to that done by the other. What is gained in force 
is lost in distance, so that in each case the product of force and 
distance is the same, whether the lengths of the lever arms, or 
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the distances through which the ends of the lever move, are 
taken as the distances. 



Fig. 55. — Principle of work illustrated by a lever. 


From the principle of work it follows that if a man, by exert- 
ing a force of 10 lbs. on one end of a crowbar, moves 100 lbs. at 
the other end, he has to exert his effort through 10 inches in 


ol der to move the mass 
one inch. Thus, what is 
gained in effort has to 
be made up by distance 
moved. 


22. THE PULLEY, 
INCLINED PLANE, 
SCREW, WHEEL 
AND AXLE. 

i. The pulley. -Attach 
a spring balance to one 
end of a piece of string. 
Make a loop in the other 
end and hang a weight 
from it. The spring bal- 
ance, if correct, indicates 
the same weight as that 
suspended. Pass the 
string under a pulley as in 
Fig. 56, Jib. The weight 
is now supported by two 
parallel portions of the 



Fig. 50. — Actions of pulleys. 
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string, and the tension of the string, as indicated by the spring 
balance, is only about one-half (neglecting the weight of the 
pulley) what it was before. Pass the string over 
a fixed pulley as shown by A a in the left-hand 
figure. The tension will be found the same as 
before. 

ii. Single fixed pulley.— Fix a pulley as in 
Fig. 57. Pass a flexible cord over the groove, 
and hang a weight on each end of it. The 
weights have to be equal in order to balance 
one another. 

iii. Single movable pulley.— Arrange one fixed 
and one movable pulley as in Fig. 58. Jf a 
weight W is hung from the pulley, the weight 

W W /> required to balance it will be one-half only 

Fic. 57 . — A sintfl of tin* weight W. Repeat the experiment with 

fixed pulley. several different weights and show that the 

meohanical advantage, that is, the resistanee 
overcome divided by the clfbrt exerted, is 2 in 
each case. 

iv. Inclined Plane.— (n) Arrange a hinged board 
with a weight attached by elastie to the free 
end. Show that the tension is less when the 
weight rests on the board than when it is sus- 
pended freely. 

(I>) Procure a toy carriage such as is shown 
in Fig. 59. Place some shot in it and find 
„ ro . _ . . tin* total weight W of the carriage and shot. 

il movable pulley. Attach one end of a string to the carriage after 
passing it over a pulley or smooth rod />, and 
fasten the other end to a small bucket or box /*. Put sufficient 
shot in the box to balance the carriage. Find by several experi- 
ments the relation between W and P. 


A 

Fia. 50. — Experiment to illustrate the advantage of 
the inclined plane. 

v. The Screw. — Cut out of paper a right-angled triangle such 
as A BC (Fig. (30), and wind it around a lead pencil. The slant 
side of the triangle forms a spiral upon the pencil, similar in ap- 
pearance to the thread of a screw. Mark off from the point G 
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a part of the? base CD which will just g< around the pencil, and 
draw the perpendicular DE. The small triangle CUE is similar 
to the large one and represents one turn of the screw-thread. 



Fin. GO. — To illustrate the principle of the screw. 


The p ull ey.— -A pulley is a wheel having a grooved rim, and 
capable of rotating about an axis through its centre. The 
frame which holds the pulley is (railed the block. 

Experiment 2 m l iii., shows that although a movable pulley, that 
is, one which can move up and down, reduces the effort which 
has to be exerted to support a given weight, a fixed pulley is of 
no advantage in that respect. The ratio of the resistance, or 
weight overcome to the effort exerted is known as the mechanical 
advantage of a machine. 

Experiment 22 ii., shows that, with a single fixed pulley, no 
mechanical advantage is obtained. All that this pulley does is 
to change the direction of the pull : if one of the weights, for 
instance, is pulled down, the other rises. The pulley thus acts 
in the same way as a lever balanced at its centre ; the distance 
from the centre to the circumference, in other words, the radius 
of the pulley, being regarded as one arm of the level 1 . A pulley 
having a radius of three incites has therefore an equivalent 
lever-arm three times as great as one with a radius of one 
inch. 

Single movable pulley. — Advantage is gained by the use of 
movable pulleys. The fixed pulley is of no advantage in reduc- 
ing the force required to raise a weight; the advantage gained 
is derived from the use of the movable pulley. One half of 
the weight IT is supported by the part of the* string hooked to 
the beam, and the other half is supported by the part of the 
string which goes around the fixed pulley to the weight marked 
P. There are several different combinations of pulleys, but the 
principle exemplified by the foregoing experiments, namely, 
that every movable pulley reduces by one-half the effort 
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required to support or raise a given weight, is utilised in 
them all. 

The principle of work applied to pulleys.— With pulleys, 
as with levers, there is neither loss nor gain of work. If, in 
any combination of pulleys, a force of JO lbs. balances a force of 
120 lbs. — the mechanical advantage (resistance —effort) thus 
being 12 — the effort will have to be exerted through twelve feet 
in order to move the resistance through one foot. For it is an 
invariable rule that 

Effort x | tin- o ugli ^ = Resistance x distance moved. 

The mechanical advantage of any system of pulleys can 
therefore be determined (1) by finding the relation between 
the weight, moved and the effort exerted, or (2) by comparing 



the distance through which the effort is exerted with that 
through which the weight moves. 

The inclined plane. — A plane in mechanics is a rigid flat 
surface, and an inclined plane is one that makes an angle with 
the horizon. 

An object is prevented from sliding down an inclined plane 
by a force less than the weight of the body. The force required 
may be measured by a spring balance. 

The reason for the decrease of tension in an elastic cord 
attached to a mass resting on an inclined board, compared with 
the tension when the mass hangs freely, will be understood 
from the parallelogram of forces. Suppose an object 0 (Fig. 01) 
is kept in position upon a smooth inclined plane by a force 
acting up the plane. The object is acted upon by three forces, 
namely, IF, due to its weight, acting vertically downwards, P, 
the force exerted up the plane, li the reaction of the plane. 
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The weight acting downwards is kept in equilibrium by the 
forces It and P acting upwards. The last-named force repre- 
sents the effort exerted, and being one of two it is less than the 
weight whenever the object rests upon the plane. Let OP and 
0 W be drawn of lengths respectively proportional to the force 
exerted up the plane, and the weight of the object 0. Complete 
the parallelogram PL W0 9 and draw the diagonal OL. This 
parallelogram represents graphically in magnitude and direction 
the forces in equilibrium when a body of definite weight is kept 
in position upon a smooth inclined plane, by a force acting 
up the plane. If the sustaining force acts horizontally, the 
parallelogram shown on the light in Fig. Cl represents the 
forces concerned. 

If we measure the force required to draw a weight up an in- 
clined plane, as in Experiment 22 iv., the results obtained show 
that the weight of the bucket and shot is less than that of the 
carriage and shot, and that the proportion which one bears 
to the other differs with different inclinations of the plane. 
There is a definite relation between this proportion and the 
slope of the plane on which the carriage travels. When the 
effort is exerted parallel to the plane, this proportion is as 
follows : 

Weight Effort . . Length of . Height of 

moved ( W) * exerted (P) '* plane (/I B) * plane (PC), 

This rule can also be deduced from the principle of work. If 
the carriage starts from A and moves to />, it is lifted through 
the vertical height PC, For this to take place, the effort will 
have to be exerted through a distance equal to the length of the 
plane AH. Therefore 

Weight Distance through which the effort is exerted 
Effort- Vertical distance through which weight is lifted 
_ Length of plane 
Height of plane’ 

When the effort acts horizontally, the ratio which it bears to 
the weight is in the proportion which the base of the plane .1 C 
bears to the height TIC. 

A wedge can be considered to be two inclined planes base to 
base, this double plane being forced forward by an effort exerted 
parallel to the direction of the base. 
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The screw. — A screw may be regarded as an inclined plane 
wound around a cylinder. This is easily seen in Fig. 00. 

Comparing the screw -construction now with an inclined plane, 
it will be seen that the 

height of inclined plane represents distance between threads, 


base of 



direction parallel to the bah 
condition 


„ circumference of screw. 

The angle of inclination of 
the inclined plane is represented 
by the angle MCI), and this 
determines the pitch of the 
screw. 

In considering the use of a 
screw, the resistance to be over- 
eon ic ran be regarded as a 
weight upon an inclined plane. 
With a screw such as is shown 
in Fig. 0 -2 the effort acts in a. 
l* of the plane and under this 


Weight : Effort- :: Base of Plane : Height of plane. 

Or expressing the proportion in the terms which apply to 
screws : 


.Resistance : Effort- 


Oiminifcreiice . I >istance between 
of screw * successive threads. 


When the force is applied at />', leverage is gained in the 
proportion of A/J to <<h, and so further mechanical advantage 
is obtained on this account, lint, in order to advance the screw 
by a distance equal to that between two successive threads, the 
end of the handle Ji has to be turned through a complete 
circumference. This fact- can be used t<» deduce the mechanical 
advantage of a screw from the principle of work. We get, 
in fact, 

Resistance _ Circumference of circle described by power arm 
Effort Distance between successive threads 


The wheel and axle is a well-known contrivance used in 
raising water from a well. The resistance overcome is the 
weight of the bucket of water and the effort exerted is the 
force applied at the handle. The weight of the bucket acts 



THE LEVER 


through the rope which coils around the axle and the effort 
acts at the circumference of the circle described by the handle. 
We may think of the machine therefore as consisting of two 
cylinders, as indicated in Pig. 63. 



Krc. - The wheel mid axle. 


The lever-arm of the effort P is .If and that of the resistance 
lb is 11C. The proportion between these lengths is therefore 
that between /'and IT, or, 

I V C A 
P~ Cli 


CHIEF POINTS OF CHAPTER VI. 

Parallel forces. — The resultant of a number of parallel forces is 
numerically equal to the sum of those which act in one direction, 
less the sum of those which act in the other direction. 

Moreover, not only is the magnitude of the resultant of two 
parallel forces equal to the algebraical sum of the components, but 
when there is equilibrium, one force multiplied by its distance from 
the point of action of the result ant, is equal to the other force multi- 
plied by its distance from the resultant. 

Centre of gravity. — The point through which the resultant of the 
parallel forces, due; to the weight of the individual particles of any 
mass, always passes, is known as the centre of gravity of the mass. 

The centre of gravity of a body may be determined experimentally 
by allowing the body to hang quite freely, and when it has come to 
rest tracing a vertical line through the point of support by 
means of a straight edge. I>v repeat ing the process for a second 
point of support two such lines are obtained, the intersection of 
which is the centre of gravity. 

Plates of all kinds balance about their centres of gravity. 



90 


LESSONS IN SCIENCE 


Positions of centres of gravity. — (a) Those of straight lines, 
circles, squares, and other regular figures, are at their geometrical 
centres. 

(b) That of a parallelogram is at the intersection of its diagonals. 

(ri That of a triangle is on the line drawn from one of its angles 
to the middle point of its opposite side, and at a distance of one- 
third of this line’s length from that side of the triangle. 

Equilibrium. — In a body in equilibrium all forces acting upon it 
balance one another. 

It is in stable equilibrium when any turning motion to which it 
is subjected raises its centre of gravity. 

It is in unstable equilibrium when any turning motion lowers its 
centre of gravity. 

It is in neutral equilibrium, when the height of the centre of gravity 
is unaffected by such movement. 

A machine is a contrivance by means of which a given force is 
made to resist or overcome another force acting in a contrary direc- 
tion. 

A lever is a rigid bar which can be turned freely about a fixed 
point (the fulcrum). The force exerted when using a lever is called 
the effort , and the body lifted, or force overcome, the resistance . . 

Classes of levers. — 1. Fulcrum is between resistance and effort. 
Examples : see-saw, pump-handle, balance, crowbar. 

2. Resistance is between effort and fulcrum. Examples : nut- 
crackers, wheelbarrow, and boat oar. 

3. Effort between resistance and fulcrum. Example : pair of 
tongs. 

Principle of lever. - 

Force on ^ distance from _ force on ^ distance from 
one side fulcrum — other side fulcrum. 

Moments. — The turning effect of a force is called the moment of 
the force.. The moment of a force about any point is the product 
obtained by multiplying the force by the perpendicular distance 
between the point and the line of action of the force. 

The mechanical advantage of a machine is f lu* ratio of the resist- 
ance or weight overcome to the effort- exerted. 

The pulley. - With one fixed pulley no advantage is gained ; but 
every movable pulley used reduces by one-half the effort required 
to support or raise a given weight. 

The inclined plane. -An object, is prevented from sliding down 
a plane by a force less than the weight of the object. If the 
force supporting the body acts parallel to the plane, them the 
weight of the body is to the effort exerted as the length of 
the plane is to the? height. When the force acts horizontally 
the ratio between the weight and the effort is that of the base 
to the height. 

The screw. — The principle of the screw is obtained from that of 
the inclined plane. The resistance is to the effort as the cir- 
cumference of the screw is to the distance between successive 
threads. 

The wheel and axle. — This is the ordinary arrangement for drawing 
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wafer from wells. The mechanical advantage of the wheel and axlo 
is obtained from the ratio between the diameters of the wheel and 
of the axle 


EXERCISES ON CHAPTER VI. 

1. Describe the principle of the action of a simple lever. 

A stiff wooden rod, six feet long, and so light that its weight may 
be neglected, lies upon a. table with one end projecting four feet 
over the edge. Upon the end of the rod lying on the table a weight 
of S lbs. is placed. What weight must lx; placed upon the other 
end so as just to tip the rod ? (P.T. 1897.) 

2. What is a lever ? What is the “ fulcrum ” of a lever? 

Name four or five levers in common use, and say where the 
fulcrum of each may be? (P.T. 1898.) 

3. What is meant by the resultant of two forces ? 

Describe an experiment to prove that the resultant of two parallel 
forces is equal to the algebraic sum of the forces. (1899.) 

4. How would you determine the centre of gravity of an iron 
hoop made by joining together two semicircles, one. thicker than the 
other? Explain how the observations could be used to find out 
which was Hie thicker half of the hoop. (P.T. 1897.) 

5. How would you determine experimentally the centre of gravity 
of a sheet of cardboard of irregular shape ? (1898. ) 

6. When is a body said to lie in equilibrium ? Dist inguish 
between stable, unstable, and neutral equilibrium. What is the 
condition which determines the nature of the equilibrium? 

7. A solid hemisphere, made of uniform material is placed with 
any part of its curved surface upon a horizontal plane. Show that, 
however thus placed, it will always tend to a position of stable 
equilibrium with its flat surface horizontal and uppermost. What 
other positions of equilibrium are there? Which of them are stable 
and which unstable? (L.M. June, 1900.) 

8. Being given an object like a sugar-bowl, how would you pro- 
pose to find experimentally the position of its centre of gravity ? 
(L.M. January, 1900). 

9. A square sheet of cardboard weighing 8 ozs. is suspended by a 
thread fastened to one corner, and a weight of 4 ozs. is fastened to 
one of the corners adjacent to the corner of suspension. Draw a 
diagram to show the position in which the sheet will hang, and say 
what is the? total weight that the thread supports. 

10. What is meant by the mechanical advantage of a machine? 
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11. Describe; an advantageous method of using two pulleys, one 
being fixed. 

12. Find the force necessary to support a weight, of 10 lbs. on an 
inclined plane, angle .‘10 . (a) when the force is horizontal, (/>) when 
the force is vertical. 

13. Indicate clearly how to calculate the mechanical advantage 
of the screw. 

14. Illustrate the ‘principle of work ’ in the arrangement known 
as the Wheel and Axle. 



CHAPTER VII. 


PRINCIPLE OF ARCHIMEDES. 

23. FLUID DISPLACEMENT AND FLOATING BODIES. 

i. Some things sink others float in water.— Fill a fish-globe or 
finger-1 k>w1 with water, 
and carefully place lumps 
of different things, vjj. 
pieces of lead, iron, oak, 
pine, and cork, one after 
another, into the water. 

Observer that (1) some 
sink and others float, 

(2) of those which float 
some sink further into the 
water than others. Take 
the objects which sink in 
water- and place them in 
mercury. Notice that 
they float. (Fig. (j4). 

ii Volume of water dis- 
placed by solids which float.— (a) Obtain a rectangular rod of wood, 
1 square cm. in section and about In cm. long, with lines around it 
1 cm. apart. Conge a small piece of 
the wood out of one end. and put lead 
into the holts flatten the end by tilling 
in with wax. 

Put some water in the graduated 
jar and notice its level. Find the 
weight of the rectangular rod, and 
then place it in the jar with the leaded 
end downwards. Notice how many 
cubic centimetres of the rod are 
immersed, and also how many cubic 
centimetres of water are displaced 
(Fig. 65). Since the weight of 1 cub. 
cm. of water is 1 gram, the number of 
cubic centimetres of water displaced 
is also the weight in grams of the 
93 



Pin. OS. — The number of cubic 
centimetres in the } »ai t of the rod 
under water is equal tot.be num- 
ber of cubic centimetres of the 
water displaced. 



Fm. 64.— When substances arc denser than 
water they sink in water; and if less dense, 
they float. 
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water displaced. This weight will be found equal to the weight of 
the whole rod. 

b) Fill the divided glass cylinder with water up to a certain 
mark. Notice the level of the water. 

Draw lines at equal distances apart across a narrow strip of paper 
and fix the paper inside a test-tube, as in Fig. 6f>. Float the test- 
tube in water in the graduated jar and 
put mercury or shot into it until a certain 
mark upon the strip of paper inside it 
is on a level with the surface of the 
water. Notice the number of cubic 
centimetres of water displaced when the 
test-tube is thus immersed. 

Then take out the test-tube, dry it, 
and weigh it together with the mercury 
it contains. The total weight of the 
test-tube and contents will he found 
equal to the weight shown by the 

Fio. (i(>. —The weight of the number of cubic centimetres of water 
test-tube and contents is equal displaced. Repeat the experiment with 
placed. the test-tube immersed to a different 

mark. 

Float- the test-tube and mercury in spirits of wine and milk in 
succession. Notice that in the former case it sinks deeper than the 
mark, while in the other not so deep. 

(r) Place the loaded test-tube or a hydrometer (1) in milk, (2) in 
water, (3) in a mixture of milk and water. Observe the depth to 
which it sinks in each ease. 

Water displaced by solids. — If a solid one cubic centimetre 
in size sinks in water it pushes aside one cubic centimetre of 
water to make room for itself. If its size is two cubic centi- 
metres, it makes two cubic centimetres of water rise above the 
level the water had at first. Whatever the size of the solid it 
must have room, and this room is obtained by displacing an 
amount of water of exactly the same size. 

Floating bodies. — A solid which sinks in water or any liquid, 
displaces a volume of liquid equal to its own volume. When a 
solid floats, the case is slightly different. Part of the solid is in 
water and part out of the water, and, of course, only the part 
immersed is pushing the water aside in order to make room for 
itself. In the case of a floating object, therefore, the volume of 
liquid displaced is equal to the volume of the part of the solid 
below the surface. 

When any object is floating in water, a certain volume of it 
is under water, and a certain volume is above the surface. 
The depth at which it floats depends upon its density. A rod 
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of heavy wood sinks deeper in water than a rod of light wood of 
the same size. The water displaced by the heavy wood has 
therefore a greater volume, and consequently a greater weight, 
than that displaced by the light wood. Rut there is one im- 
portant fact which applies to both cases, and should be kept 
well in mind. Tt is that the weight of the water 


displaced by the immersed part of a floating object is 
equal to the whole weight of the object. If, there- 
fore, the question is asked, how far does an object 
which floats sink into water, the answer is — it 
goes on sinking until it has displaced an amount 
of water having a weight equal to the whole 
weight of the floating object. 

Since the depth at which an object floats in 
water is decided by this rule, we have a ready 
way of deciding whether an object will sink 
further in another liquid or not so far. If the 
liquid into which it is put is less dense than 
water, like spirits of wine, it is clear that to make 
up a given weight we shall want more of the 
liquid. Consequently, to make up a weight equal 
to the weight of the floating body, the object will 
have to sink further into the spirit than into the 
water. If, on the other hand, the object is placed 
in a liquid such as mercury, which is denser than 
water, it will not sink so far, because it wull not 
take so much of this denser liquid to have a weight 
equal to that of the floating body. 



The hydrometer, — The construction of a simple 
instrument called the hydrometer is based upon 
these conclusions. The instrument is made in 
various shapes and graduated differently accord- 
ing to the special use for which it is intended. 


Fig. 67. -A 
hydrom ote.r 
for determin- 
ing the (jusil- 
ity of milk. 
It is railed a 
lactometer. 


All hydrometers arc, however, used to measure 


the densities of fluids by observing the depth to which they 
sink when immersed in them. T1 e lactometer is a form of 


hydrometer employed for measuring the density of milk. 
When placed in pure milk a lactometer should float with the 


mark P (Fig. 67) on a level with the surface of the liquid. 
In a mixture of milk and water the lactometer floats with 
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some other division level with the surface of the liquid. Thus, 
in milk 10 per cent, below the average density, the 10 above 
the /'mark is level with the surface. 

An experienced observer is, therefore, able from the readings 
of a lactometer to tell whether a sample of milk has a correct 
density, or whether it is heavier or lighter than it should be. 
At the same time it must be clearly understood that it is not 
possible to decide at- once from the reading of a lactometer 
whether a sample of milk has been adulterated or not. There 
are other considerations to be taken into account. 


24. THE PRINCIPLE OF ARCHIMEDES. 


i. Principle of Archimedes. — (a) Suspend a metal cube, or any 
other fairly heavy object, from a spring balance, and notice the 
reading of the balance. This indicates the 
weight of the object in air. Immerse the 
cube in water, as in Fig. fiS, and again 
notice the reading of the balance. It is 
less than before, and the loss of weight 
shows the buoyant power or upward 
pressure of the water. 

(/>) Find the volume of the cube, or other 
object used in the last experiment, by 
noticing the volume of the water it dis- 
places in a graduated jar. 

Hang the object from one pan of the 
balance, as shown in Fig. (39, and determine, 
its weight in grams. Now firing a vessel 
of water under the, pan so that the object 
is immersed in it, as in Fig. 70. The pan 
rises. Put. gram weights in the pan until 
the balance sets horizontally as before. 
You thus find the. loss of weight due to 
the buoyancy or upward pressure of the 
water. Notice that, tin; number giving 
this loss in grains is the same as that 
giving the volume of water in cubic centi- 
metres displaced by the object. 

(c) This principle, viz. that when an 
„ „ ,, , . , object is immersed in water it experiences 

l usa ' n 'whcn ^ W of weight equal to the weight of water 

displaced, ca-n be convincingly demonstrated 
as .allows : — Suspend an object, from the 
left-hand pan of a balance. Place in the 
short scale pan a small measuring-glass graduated in cubic centi- 
metres. Counterpoise the suspended object and the measuring-glass 



water than when 
pended in air. 
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together. Now pour water into a graduated jar until the jar is 
about two thirds lull. Notice the level. Tiring the jar under the 



Fig. (50. — Weighing an object, in air. Fig. 70. -The same object weighed in 

water. Notice that weights are in the 
short pan to make up for the buoyancy 
of the water. 

short scale pan so that the object is immersed as in Pig. 71. Notice 
the amount, of water displaced. Put water gradually into the 
measuring-glass by means of a pijiette. Equilibrium will be restored 
when the amount of water added is equal to the amount displaced. 



Fin. 71.-- When an object is immersed in a liquid it experiences a loss of 
weight equal to the weight of the liquid displaced by it. 

Buoyancy. — Most- people have noticed when in a bath that if 
there is water enough, and they take hold of no support, the 

L.S. I. (J 
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water buoys them up, or they experience a tendency to rise up 
through the water. It is as if the water resists being displaced 
and presses the displacing object upwards. In the case of 
things which flout, such as a wooden rod or a lead pencil, 
the results of this buoyancy which the water exerts can easily 
be seen, by pushing either the rod or pencil down into the 
water and then letting go, when the solid rises up through the 
water. Even in the case of bodies which sink, there is the 
same buoyancy on the part of the water, but it is not enough to 
float them. The effect which the water lias upon such bodies 
can, however, be seen in the loss of weight which they experi- 
ence if they are weighed by a spring balance when hanging in 
water (Eig. (58). 

Loss of weight of things immersed in water. -It is easy 
to prove by experiment that an object w T eiglis less in water 
than out of it. If a cubic centimetre of lead or any other 
heavy material, is hung from a spring balance and then sus- 
pended in water, it will bo found (o weigh the weight of one 
gram less in water than out. If two cubic centimetres are 
suspended from the balance, the loss of weight is the weight 
of two grams. In every case the loss of weight measured in 
this way is equal to the number of cubic centimetres of the 
solid immersed in the water. The loss is thus equal to the 
weight of the water displaced. This fact brings us to a highly 
important conclusion, known after its discoverer as the Prin- 
ciple of Archimedes. 

The Principle of Archimedes.— When a body is immersed in 
water it loses weight equal to the weight of the water displaced 
by it. — If the body be immersed in any other liquid, then the 
loss of weight is equal to the weight of an equal volume of that 
liquid. It does not matter what substance tlie thing is made 
of ; the amount of loss of weight depends upon the volume of 
the part immersed, and not upon the material. 

This principle explains many interesting facts. For instance, 
a ship made of iron, and containing all kinds of heavy things, is 
able to float in water although the material of which it is made is 
denser than water. This is because the ship and all its contents 
only weigh the same as the volume of the water displaced by 
the immersed part of tlie bull. Or, the ship as a whole weighs less 
than a quantity of water the same size us the ship would w eigh. 
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Now, too, it can be seen why some solids float and some sink. 
When an object weighs more than an equal volume of water 
it sinks. When an object weighs less than an equal volume of 
water it floats. When an object weighs the same as an equal 
volume of water it remains suspended in the water. 

A balloon rises in the air because the gas in the balloon, 
together with the bag and. tackle, weighs less than an equal 
volume of air. if the balloon were free to ascend it would rise 
to a height where its weight would be equal to the weight of an 
equal volume of the air around it. 

25. RELATIVE DENSITY OF SOLIDS. 

i. Determination of density of solids. — {a) Suspend the solid, the 
density of which is to he determined, to one side of the balance, 
letting it hang in an empty beaker standing upon a platform, 77, //, 



Fid. 72 ,— IIow to find tlie weight, of an object suspended in water. 

as shown in Fig. 7‘2. Find the weight of the object. Then pour 
water into the beaker, and And the weight of the object when 
immersed in water. !»v subtracting the number thus found from 
the weight of the object, in air, determine the loss in weight of the 
solid when suspended in water. 

{!>) Another plan of determining the weight of an object in water 
was explained in the last section (Fig. 70). 

This loss of weight equals t he weight of a volume of water equal 
to the volume of the solid. We can therefore write : 

v> i i -i t l -i weight of the solid in air 

Relative densi tv ot solid — ... ...... 

* its loss ot weight in water 
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How the relative density of a solid is determined— The 

fact that when a body is immersed in water it Joses weight 
equal to the weight of the water displaced by it, provides a 
means of determining the density of a solid compared with 
water. 

All it is necessary to know is : 

1. The weight of the object ; this cm.ii be determined by 

weighing it in air. 

2. The weight of an equal volume of water. 

The Principle of Archimedes enables this to be done in the 
following manner : 

The object is suspended by means of a fine thread, from one 
side of the beam of a balance in such a way that it is completely 
immersed in water. Then by weighing it is found that the 
weight is less than when hanging in air, on account of 
the loss of weight in the water. The buoyancy of the water 
acting upwards overcomes part of the pull of the earth down- 
wards. The difference in the. weight of the object in air and its 
weight when immersed in water gives the weight of a volume 
of water equal to the volume of the object. From these numbers 
the density of the solid compared with water as a standard can 
be at once calculated. 

Relative density of the! _ weight of the object in air 

solid J weight of an equal volume of water 

weight in air 
loss of weight in water* 

To find the weight of an equal volume of water, the object 
could be placed in a graduated jar and the amount of water dis- 
placed could be taken out and its weight determined. Or, if the 
number of cubic centimetres of water displaced is observed, 
the same number shows the weight of the displaced water in 
grams. 

Example. — A piece of lead was found to have a weight of 
100 grams in air, and when suspended in water its weight 
appeared to be 00 grams. What is its density compared with 
water ? 

What must, be done with these numbers to find out the density 
of the lead compared with water ? Two facts must be known 
— first, the weight of the object in air, and secondly, the loss of 



PRINCIPLE OF ARCHIMEDES 


101 


weight in water, as this gives the weight of an equal volume of 
water. The loss of weight is obtained by subtraction, thus : 

Loss of wcigl.t= ah} " { the wci K ht ' n water 

=-- weight of 100 grams - weight of 00 grams 
— weight of 10 grams. 

Density of the lead - — 10. 

As the density of this piece of lead is 10, one cubic centimetre 
of it will have a weight equal to that of 10 grams. Also, since 
the weight of the piece of lead used in the example is 100 grams, 
the volume must be ten cubic centimetres. 


CHIEF POINTS OF CHAPTER VII. 

Floating; bodies. - When an object, floats in a liquid, the volume of 
litjtiul ' ilixpluced is equal to the volume of the immersed portion of 
the, object. 

The weight of the liquid displaced by a floating object is equal to 
the weight of the object. 

The hydrometer. —Tint hydrometer is a. practical application of 
the principle of Hunting bodies. It. consists of a suitably loaded tube 
which is graduated in such a manner that the. level at which it floats 
indicates the density of the liquid in which it floats. 

The lactometer is a special form of hydrometer used in testing 
milk. In using it, however, certain other facts, as well as the. 
density, have to he taken into account before pronouncing upon the 
purity or otherwise of the milk. 

Principle of Archimedes. — When a body is immersed in a liquid it 
loses weight equal to the weight, of the liquid displaced by it. 

Expressed diHcrcntly, the up-thrust experienced by an object in 
water is equal to the weight- of the water displaced. 

It is in consequence of this that 1 todies which are hulk for hulk 
heavier than water, sink, and those hulk for bulk lighter, float. 


EXERCISES ON CHAPTER VII. 

1. Define mass, volume, and density, and state the relation that 
exists between them. 

Suppose you were given two irregular pieces of metal, one of 
which was gold and the other gilded brass. How would you find 
out, by a physical method, which piece was gold ? (P.T. 1897.) 

k 2. Explain why a ship made of iron will float in water, though 
iron itself is heavier, bulk for bulk, than water? (P.T. 1897.) 
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3. A number of nails are driven into a rough piece of wood, on© 
cubic centimetre of which weighs 0*5 gram. It is required to find 
the weight of the nails without- pulling them out. How could this 
be done by experiment ? (1\T. 1897.) 

4. A bottle weighs 2 ounces. When holding 34 ounces of shot it 
will just float in water, when holding 3 ounces it will just float in 
oil, and when holding 3J ounces it will just float in brine. hind the 
specific gravity of the oil and the brine. (1\T. 1898.) 

, r ). A piece of metal weighs 194 grams in air, and 17} grams in 
water. What is its specific gravity ? 

With what apparatus and in what manner would you find the 
weight in water ? (P.T. 1 SDN. ) 

(i. A stone, weighing in air 1 kilogram, is suspended by a piece 
of cotton so that it is entirely immersed in water. On attempting 
to lift the stone out of the water the cotton breaks when the stone 
is partly out of water. Why is this ? 

If, when the stone is completely immersed, the eotton would bear 
an additional pull equal to the weight of lf>0 grains, what volume 
of the stone will bo out of the water when the cotton breaks? 
(1899, Day.) 

7. A beaker of water stands on the pan of a table spring balance. 
A block of iron hangs front the hook of an nidi nary spring balance, 
and is gradually lowered into the water till completely submerged. 
Will there be any changes in the readings of the balances? If so, 
what changes, and why? (L.C.C. Lit. Sell., 1900.) 

5. Two blocks of glass, each having a volume of 10 c.e., are bung 
from the scale-pans of a balance by means of hooks under the pans, 
and balance one another. Under one is brought a beaker of water, 
under the other a beaker of alcohol, so that the, blocks arc immersed 
in tin; liquids. The balance is now disturbed, and it- is found that 
1 ’82 grains have to be added to one pan to restore equilibrium. To 
which pan has this weight to be added, what is the explanation of 
the fact, and how can you determine from the figures now at your 
disposal the density of' 'the alcohol? (L.C.O. Lit. Sell., 1898.) 

9. Explain the statement that “ the specific gravity of iron is 
7 *8.” Describe one method of finding this specific gravity. (Queen's 
Sell., 1899.) 

10. What, do we mean when we say that the “ specific gravity ” of 
mercury is 134? Wliat things arc necessary for the experimental 
determination of this (specific gravity? Say how you would proceed 
to make the determination. (P.T. 1902.) 

11. Explain how you would ascertain (1) the volume and (2) the 
specific gravity of an apple or potato. (Certificate, 1904.) 

12. A porcelain weight of one pound breaks into two unequal 
fragments. How could you without using a spring balance or 
ordinary balance determine the weight of each fragment ? (Certi- 
ficate, 1905.) 



CHAPTER VIII. 

FLUID PRESSURE. 


26. PRESSURE OF LIQUIDS. 


i. Relation between pressure of liquid and depth.— (nr) Rend a 
piece of glass till ting, as shown in Fig. 73, the long arm having 
a leiurth of about 40 cm. 


Mount the tube firmly upon 
a strip of wood having half- 
eenfimofrodi visions marked 
upon it, or upon a metric 
scale. Pour enough mer- 
cury into t he tube just to 
till the bend. Notice that 
the level of the mercury is 
the same in t int two arms 
of the tube. 

Lower the frame into a 
tall jar of water so that the 
open end of the short arm 
of the tubes is 10 cm. below 
the surface of the water. 
Notice the difference of 
level of the mercury in t he 
two arms, and record it. 

Lower the tubes an addi- 
tional 10 cm. and observe 
the effect. Then lower the 
frame as far as it will go, 
and again note the differ- 
ence between t he heights of 



the mercury in two arms. TV,. r.\\~ Arran gc- 

(l>) Repeat the preceding men! for deUrmin- 
exercise, using liirpentin.;, „{ ,i OTemlt 

or a strong solution of salt, or depths, 

any other convenient trans- 


V'lii. "I Arrange- 
ment for showing 
that pressure in any 
particular liquid de- 
pends only oji depth. 


parent liquid instead of water, and record vour results as before. 


(c) To show that the pressure in any particular liquid depends only 
upon the depth, mount two tubes upon a frame, as shown in Fig. 74 * 


m 
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one with the lower opening turned upwards, and another with the 
opening pointing sideways. Pour the same quantity ot mercury into 
the tubes. Arrange the tubes so that the lower openings are at the 
same level. Lower the frame, a few centimetres at a time, into water, 
and observe the difference of level of mercury produced in each tube. 

(d) Immerse the frame of tubes to any level which causes the 
mercury to rise by a clearly-marked amount. Turn the frame to 
face in various directions, keeping it at the same depth, and notico 

that the pressure, as 
indicated by the rise of 
mercury, is the saint; in 
all directions at any 
particular depth. Test 
this for several depths. 

ii. Pressure of liquid 
independent of the form 
and volume of contain- 
ing vessel, (n) Howl a 
short length of fairly 
wide glass tubing into 
a Li form, ms shown in 
Fig. 7o. Fit a short 
piece of india-rubber 
tubing on the short arm. 
Pour sufficient mercury 
into the tube to cover 
the bend. Connect a 
straight' piece of glass 
tubing with the india- 
rul >1 >er, and i 1 1 1 1 od iioe 
water into it. Measure 
the difference- of height 
of the mercury in the 

Pin. 7.0. —Experiment to show that liquid p™’* 5 - J?' 0 annS l ,r °duoed by 
sure is independent of the form of containing - the pressure oi the 
vessel. column of water. Sub- 

stitute a funnel, or a. 
curved tube for the straight one, and fill if to the same height with 
water. Measure again the difference of height of the mercury in 
the two arms of the (j'fube. The pressure upon the mercury 
depends merely upon the height or the head of liquid. 

iii. Upward pressure of liquid.-— {a) Procure a piece of wide* glass 
tubing, or a straight lamp glass, ha ving one end flat. If stiff leather 
is available, out out a disc of slightly larger diameter than that of 
the glass, and pass a knotted thread through its centre. If a 
leathern disc cannot be obtained, make a disc of wood or stiff card- 
board. Hold the disc tightly upon the flat end of the glass by 
means of the thread, and while doing so, lower the glass into a jar 
of water (Fig. 7 f»). When the end of the glass with the disc upon 
it is a few inches below t he surface of the water, the. thread can bo 
released and the disc will be found to remain in its position. 
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Pour water very gently into the inside of the glass, and notice the 
height inside and out at that moment when sufficient water has 
been introduced to make the disc drop. 

The pressure a liquid exerts depends upon the depth 
below the surface. — Since water and other liquids are 
material substances, they are pulled downwards by the 
attractive force of the earth. The amount of this pull 
measures their weight. The greater the distance below the 
surface the longer is the column of liquid above any area under 
consideration ; and, a s a natural consequence, the greater is the 
weight of the column of liquid above the given area. 

The weight of the column of liquid above unit area, say a 
square inch, at any depth, measures the pressure of the liquid at 
that depth, and this pressure increases from the surface of the 
liquid downwards, and is, indeed, directly proportional to the 
depth. Moreover, as the pressure is measured by the weight of 
the column of liquid above unit area., it is clear that the denser 
the liquid the greater is the weight of a column of it, and the 
greater the pressure it exerts. 

The pressure per unit area exerted by a liquid depends only 
upon the depth. The direction is immaterial, a fact, which is 
clearly brought out by Experiment: 2(5 i. (r/), where it is seen that 
whatever the direction in which the open ends of the bent tubes 
containing mercury point, the difference in height of tlic level 
of the mercury in the two limits is the same when the depth of 
the open ends of the tubes beneath the water is the same. 

Relation between the pressure of a liquid and the area 
upon which it acts. — The pressure upon a given area at any 
depth below the surface of a liquid is measured by the weight 
of the column of liquid above it. »So long as the depth remains 
the same the pressure upon unit area, a square inch for instance, 
remains the same. I>ut the larger the number of square inches 
upon which the pressure of liquid is felt, the greater the total 
pressure upon the area. These facts may be expressed by saying 
that the total pressure varies in proportion to the areas of the 
surfaces at any given depth ; or, though the pressure (which 
means per unit area) at any given depth is constant, the total 
pressure is dependent upon area. 

These considerations, too, provide an explanation of Experi- 
ment 20 ii., where vessels of different shapes and volumes are 
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attached, one by one, to a bent tube with mercury in its bend 
(Fig. 75). In the circumstances of the experiment, the difference 
in level of the mercury in the two limbs of the tube containing 
it remains the same, and consequently the pressure exerted by 
the water is the same whichever of the variously shaped vessels 
is attached, provided that the vertical height of the liquid in the 
tubes is the same. It is necessary to remember that the height 
and cross-area of the column of liquid, and the density of the 
liquid, are the only things which alter the pressure. None of 
these factors vary, however much the shape of the vessel alters. 
Whatever the shape of the vessel, it acts just as if it were of the 
simple cylindrical form shown in the middle of Fig. 75. When 
the wide vessel is attached to the bent, tube provided with 
mercury, the effective pressure at the base is due to the water 
contained by a cylinder of cross-sectional area equal to that of 
the upper surface of the mercury, and a vertical height equal to 
that of the water in the vessel above the mercury. 

Upward pressure in a liquid. It has been seen bow the 
pressure at any point in a liquid is estimated, and bow the 
amount of such pressure is deter- 
mined. It has also been proved by 
experiment- that the pressure is the 
same in different directions. It would, 
consequently, be surmised that the 
pressure acting vertically upwards at 
a point in a liquid is equal to the 
downward pressure of the liquid above 
the point. That, this is actually true 
is easily demonstrated by the simple 
apparatus shown in Fig. 76. A wide 
glass cylinder, one end of which is 
covered with a disc of leather to 
which a string is attached, as shown 
in the illustration, is lowered into a 

Fi<>. 70 — IT]) ward pressure of . , 

a liquid. liquid. It is found that, water may 

be poured into the cylinder, without 

disturbing the disc, until the level of the water inside the 

cylinder becomes the same as that outside ; but, if more water 

be added, the downward pressure on the upper surface of the 

disc now exceeds the upward pressure of the outside liquid oil 
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the lower surface of the disc, which is therefore forced down- 
ward. So long as the level of the water inside the cylinder is 
below that of the water outside, the upward pressure on the 
disc from outside exceeds the downward pressure from inside, 
and the disc is held firmly against the end of the cylinder. 
When the water level is the same inside and outside the cylinder, 
the. disc is acted upon by exactly equal upward and downward 
pressures. 


27. THE PRESSURE OF THE ATMOSPHERE. 

i. Atmospheric pressure. — («■) Tie a piece of thin sheet india-ruhher, 
such as that used in toy air- halls, over the top of a funnel. While 
the ruhher remains flat the pressure is evidently the same on both 
sides of it. Plow into the funnel. Explain why the india-ruhher 
is forced out. Suck the air out of the funnel. What is pressing 
upon the outside and forcing the india-ruhher into the funnel? 
Sunk the air out of the funnel and place your thumb over the open 
end so as to prevent, air from entering. Turn the funnel in various 
directions and see whether you can detect any difference in the 
amount of bulging of the india -ruhher. Jf not, you may conclude 
that the pressure of the air upon the outside is the same in all 
directions. 

(/*) Fill a gas collecting jar, or a tumbler having a flat rim, with 
water ; cover it with stout paper and invert. Why does not the 
water drop out ? 

{r) Place in water one tube of the Hare’s apparatus for deter- 
mining density (p. 04), and t.lie other tube in mercury. Suck out 
the air. The liquids rise. Why ? Notice the difference in the 
level of the mercury and the water. Explain the cause of this 
difference. Let one <>f the tubes of the Hare's apparatus be much 
wider than the other. Place the ends of the tubes in mercury* and 
suck out the air. Is there any difference in the height of the 
mercury in the large and small tubes ? 

The pressure exerted by the atmosphere.— The gaseous 
envelope which surrounds the earth is a fluid, and the pressure 
it exerts at different distances from the earth varies consider- 
ably. The condition of things is different from what has been 
found in the case of liquids. Gases are easily compressible. 
The consequence is, in the case of the air, that the pressure is 
greatest near the earth or at the bottom of the gaseous ocean 
round the globe — for so we may regard the atmosphere. But 
the pressure does not increase in the same simple way as in the 
case of water. At a point midway between the surface and the 
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bottom of the water in a tank the pressure is just half of that 
at the bottom of the tank. But in the case of the ail* the 



Fio. 77.— A barometer. 
The ] iruH.su ru of tin: atmo- 
sphere acting upon the 
open end of the short tube 
supports a column of mer- 
cury about 30 in dies long 
in the dosed tube. 


pressure at a height of miles is just 
half that at sea- level, though the atmo- 
sphere extends for as much as 150 miles 
from the earth’s surface. Owing to 
the compressibility of air the lower 
layers arc much denser than those at a 
greater height ; they are consequently 
heavier, bulk for bulk, and are able, 
per unit volume, to exert a greater 
pressure. 

Just as in the case of water, however, 
the deeper we go into the gaseous 
envelope, that is, the nearer the earth 
we get, the greater is the pressure the 
air exerts. Or, conversely, the higher 
we ascend into the atmosphere, or the 
farther from the earth’s surface we 
travel, the smaller is the pressure of 
the air, simply because, as wo ascend we 
diminish the column of air above us. 

28. MEASUREMENT OF THE 
PRESSURE OF THE AIR. 

i. Tlie principle of the mercurial baro- 
meter. • Procure a barometer tube and lit 
a short piece of india-rubber tubing upon 
its open end. Tie the free end of the 
tubing to a glass tube about six inches 
long, open at lmt-li owls. Best the baro- 
meter tube with its closed end downwards 
and pour mercury into it (being careful to 
remove all air bubbles) until the liquid 
reaches the short tube. Then tix the 
arrangement upright as in Fig. 77. The 
mercury in the long tube will be seen to 
fall so as to leave a space of a few inches 
between it and the closed end. Thu dis- 
tance; between the top of the mercury 


column in the closed tube and the surface of that in the open tube 


will be found to be about 30 inches. 
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ii. The cistern barometer. — Procure a thick glass tube about 36 
inches long and closed at one end. Fill the tube with mercury ; 
place your thumb over the open end; invert the tube; place the 
open end in a cup of mer- 
cury and take away your 
thumb (Kig. 78). Measure 
the distance from the sur- 
face of the mercury in the 
basin to the top of the 
mercury column. 

Slant the barometer and 
measure the vertical height 
of the mercury by means 
of a ] dumb-line. Compare 
it with the previous reading. 

The mercurial baro- 
meter. -The apparatus 
represented in Kig. 77 
calls to mind the U- tube 
method of determining 
densities by balancing 
columns of liquid (p. 

63). Hero, however, the 
column balancing the 
mercury in the tube A 
is not apparent. The 
experimental fact that 
the column A does not 

rush up through 0 to Fm . Ts-Constructicm of a barometer, 
adjust the liquid levels 

to equality demands explanation. Remember that the top of 
the column A is closed and protected while 0 is open. Some- 
thing acts at 0 and is capable of sustaining the column A. 
This something is the weight of the air. In fact, a column of 
air many miles high balances a column of mercury about 30 
inches high. 

lf,h owever, a hole were made in the closed end of the tube 
the balance* would be disturbed, and the mercury would fall 
down the long tube and flow out of the short tube 0. 

The column of mercury is kept in its position by the weight 
of the atmosphere pressing upon the surface of the mercury 
in the short open tube. The weight of the column of mercury 
and the weight of a column of the atmosphere with the same 
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sectional area is exactly the same ; both being measured from 
the level of the mercury in the short stem of the apparatus 
shown in Fig. 7 7, the mercury column to the top of the column 
in the long tube, the air to its upper limit, which, as has been 
seen, is a great distance from the surface of the earth. If for 
any reason the weight of the atmosphere becomes greater, the 
mercury will be pushed higher to preserve the balance ; if it 
should become less, then similarly the amount of mercury which 
can be supported will be less, and so the height of the column of 
mercury is diminished. 

The height must in every case be measured above the level 
of the mercury in the tube or cistern open to the atmosphere. 
In the usual arrangement, illustrated by Fig. 77, a line is 
drawn at a fixed point O, and the short tube is shifted up or 
down until the top of the mercury in it is on a level with this 
line. 

The student will now understand why it is so necessary to 
remove all the air bubbles in Experiment i. If this is 
not done, when the tube is in veiled the enclosed air would rise 
through the mercury and take up a position in the top of the 
longer tube, above the mercury. The reading would not then 
be thirty inches, for instead of measuring the whole pressure of 
the atmosphere, what we should really be measuring would be 
the difference between the pressure of the whole atmosphere and 
that of the air enclosed in the tube. In a properly constructed 
barometer, therefore, there is nothing above the mercury in the 
tube except a little mercury vapour. 

An arrangement like that described constitutes a barometer, 
which may be defined as an instrument for measuring the pressure 
exerted by the atmosphere. 

The cistern barometer. — Other forms of barometer arc often 
employed for the determination of the pressure of air. A very 
common arrangement is that of Experiment 28 ii., which is 
a. repetition of one by an Italian physicist, Torricelli. The 
principle of its action is precisely that of the barometer just 
described, except that the U-tube principle is not immediately 
apparent. There is, however, the same balance maintained 
between the column of mercury in the tube and a column of 
air outside it, pressing down upon the mercury in the basin. 

A column of mercury will bo supported in the tube by the 
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pressure of the atmosphere. The distance between the top of 
the column and the surface of the mercury in the cup will be 
about 30 inches, or 76 cm., when the tube is vertical (Fig. 79, b). 
if the tube is inclined so that the closed end of it is less than 
this height above the mercury in the cup (Fig. 79, c) the mercury 



Fiq. 7<). — The atmosphere at sea level will support a column of mercury 
up to 30 inches, or TO cm. in length. 

fills it completely ; and if the tube is less than 30 incites long, it 
is always tilled by the mercury whether it is inclined or not 
(Fig. 70, a). On an average the atmosphere at sea-level will 
balance a column of mercury 30 inches in height. No matter if 
the closed tube is 30 feet long, the top of the mercury column 
will only be about 30 inches above the level of the mercury in 
the basin. 

The empty space above the column of mercury in the tube is 
often referred to as the Torricellian vacuum. 
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29. BOYLE'S LAW. 

i. Relation between pressure and volume of gases.— {a) Soled a 
glass tube about 20 cm. long, and neatly closed at one end (Eig. SO, A ). 



Fig. so. — T wo forms of apparatus to show tin; relation between the 
pressure and volume of a gas. 


Tie a piece of stout india-rubber tubing about a metre long 
upon the open end of the tube, and fix the other end of the tubing 
upon a glass tube />, about 20 cm. long, open at both ends. Now 
carefully fill the tubes with mercury until the level of the liquid 
is about 10 cm. from the open end. Afterwards fix the closed 



BOYLE’S LAW 


113 


tube upright in a retort stand w ith the sealed end upwards, place 
your finger upon the open end of the other tube, and lower the 
open end so as to make the air pass into the closed tube. This 
apparatus will enable you to measure the expansion arid com- 
pression of air. 

Support the tube JJ with its open end upwards, and at such a 
height that the mercury stands at the same level in the closed and 
open tubes. The imprisoned air is then at the same pressure as the 
air outside. 

If the closed tube is uniform in bore, and the inside of the sealed 
end is nearly flat, the volume of the imprisoned air is proportional 
to the length of tube occupied by the air, so that if the air is 
made to occupy one-half the original length of tube its volume is 
one-half the original volume. The pressure upon the enclosed air 
is equal to the pressure due to the column of mercury between 
the level of mercury in the closed tube and that in the open 
tube, plus the pressures of the atmosphere. Observe the height of 
the? barometer, and make the difference of level of the mercury in 


the two tubes equal to it by lifting the open tube. Then record 
as follows : 

Height of the barometer, cm. 

Length of air column when tins mercury is at the 
same level in both tubes, that is, when the im- 
prisoned air is at atmospheric pressure, - - cm. 

Height of barometer cm. -f equal height in 

tube, cm. 

Length of air column under pressure of two 

atmospheres, - - - - - - - cm. 


The pressure to which this enclosed air is subjected in the second 
case is double that in the first, case ; find the amount by which 
the volume of the air, represented by the length of the air column, 
has been diminished. 

(h) Lower the open tube until the air in the closed tube almost 
reaches the india-rubber junction. Measure the length of the air 
column, and the difference of level of the mercury in the two tubes. 
Repeat the experiment by reading the volume of air and the head of 
mercury at every few r centimetres up to the highest point you can 
raise tin? open tube. Record your results as indicated below 7 : 


Height 
of Jiarornetcr 
in cm. 

Difference of 
Level of 
Mercury in cm. 

1 Total Pressure 
on the Air, 

P. 

s 

i 

Volume of 
Air, V. 

Volume x 
Total 
Pressure. 
(/’;■; V.) 






L.S. i. 


11 
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ii. A simple form of Boyle’s Law apparatus.— Procure a length of 
thermometer tubing, AB (Fig. 81), about 7« r > cm. long and 1 mm. 

bore. Seal it ;it B and expand the end A somc- 

AI R /j what. Clamp A B in a vertical position by the 

side of a metre scale, and connect a small funnel 
q to A by means of a short piece of r ubber tubing. 

H Pour a little pure, clean mercury into the funnel 

and induce it to run down the bore of the tube 
q by inserting a thin, clean, steel wire. In this 

Er way any desired volume of air can be enclosed. 

■ The length of the column of enclosed air may 

q - be taken to represent its vohnnv, (l 7 ). If 7/ = the 

height of the barometer, and // - the length of 
T\ the mercury thread (both expressed in the same 

;H. units), then the total pressure on the enclosed 

H air — (/ 1 \ h). 

q — Introduce more mercury in tin; same manner, 

d ami in t his way alter the values of V and h. 

q- The volume of the air under the pressure of 

q the atmosphere alone can be observed by laying 

q the glass tube flat on the table. 

Perform several experiments and record your 
results in the following way : 


Volume ( V). 

Pressure (//+//). 

Volume x Pressure. 





j p4 Boyle’s Law. ~ Before a student can clearly 

• j i understand how and why the density of the 

\i : T atmosphere varies (p. 107), it is necessary to 

: j -j become acquainted with the rule expressing 

i JJ q the relation between the volume and pressure 

"ft of a gas. This can be satisfactorily done by 

one of the forms of apparatus employed in 
Km. SI . — Simple n . , . , . * , . , . , 

form of apparatus Experiments 20 1 and 20 n., winch provide a 

Law. Urifyillgl3<,yluS n, eans of subjecting an enclosed quantity 
of air to varying pressures, by the addition 
of smaller or larger quantities of mercury. When in the 
apparatus shown in Fig. 80 the mercury in both tubes stands 
at the same level, the enclosed air is at the same pressure 
as the air of the room, but as the tube B is raised, the 
mercury in it stands higher than that in A, and the air enclosed 
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in A is under a total pressure equal to the sum of that due 
to the atmosphere and that due to a column of mercury equal 
in length to the difference of levels of the mercury in A and B. 
In these circumstances the volume of the air in A decreases, and 
it decreases more and more as the total pressure is increased. 
When the results of experiments with any satisfactory form 
of apparatus are tabulated, certain very important relations 
between the volume of a gas and the pressure to which it 
is subjected become evident. It is found that the volume 
regularly diminishes as the pressure is increased, and in the 
same ratio. The converse is also found to be true, viz., 
that when the volume of a gas increases the pressure upon it 
has diminished, and exactly at the same rate. 

But, in both these eases, it is understood that the temperature 
of the gas remains the same, that is, the temperature of the gas 
under the different pressures must not alter. 

The tabulated results of the experiments reveal another 
important relation, which is, however, another way of express- 
ing those already noticed. It is found that, when there is 
no alteration of temperature, the product obtained by multiply- 
ing the volume of a given quantity of gas by the pressure to 
which it is subjected is always the same, or remains constant. 

These facts were discovered by Boyle, and are included in 
what is known as Boyle’s Law. It can be expressed by saying 
that when the temperature remains the same, the volume of a 
given mass of gas varies inversely as its pressure. Or, what 
is the same thing, the temperature remaining the same, the 
product of the pressure into the volume of a given mass of gas 
iB constant. 

But it has been seen that if the volume occupied by a given 
weight of a substance is increased, its density is decreased, and if 
the volume is decreased, its density is increased. Therefore, by 
decreasing the volume of the enclosed air in the above experi- 
ment, its density is increased. The increase of density and the 
increase of pressure are proportional to one another. It is not 
difficult to apply these facts to the case of the atmosphere. It 
has been learnt that the pressure of the atmosphere decreases as 
we ascend, and we are now able to add that its density decreases 
also and at the same rate. Therefore the densest atmosphere is 
that at the surface of the earth, leaving out, of course, the air 
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of mines and other cavities below the surface, where the air is 
denser still. The air gets less dense , or rarer, as we leave the 
earth’s surface, until eventually it becomes so rare that its 
existence is practically not appreciable. 


30. SOME INSTRUMENTS DEPENDING UPON FLUID 
PRESSURE. 

i. The air-pump. — («) Select a cork or india-rubber stopper which 
will fit tightly into a brass or glass tube about a centimetre in 
diameter. Bore a hole through the cork lengthways, and then tie a 
narrow strip of gold-beater’s skin, or oiled silk, over one end of the 
cork so as to cover the hole. You will find that the silk does not 
prevent you from blowing through the cork froin the open end, but 
that you cannot suck air through. An arrangement of this kind, 



Fig. 82.— Model of an air-pump. 


which allows a passage in one direction but not in the other, is called 
a ca(en. Wax the cork and fit it tightly in the brass tube (which 
should be about a foot long) so that the valve is inside. Push a 
similar valve half way through another brass tube of about the same 
length, but wider, and wrap darning cotton around the stopped end 
of the narrow tube until this tube fits nicely into tin* wider one, and 
(;an be moved to and fro like the piston of a popgun. Fit a short 
U-tubo into the cork at one end of the wide time, as in Fig. 82, and 
pour a little mercury into it. The; instrument you have constructed 
is exactly the same; in principle as a simple air-pump (Fig. 83). 

Moisten the cotton on the; piston, either with oil e>r water. 
Describe what happens to the; enclosed air in tlu; wide tube;, and 
how the; valves and the me;reury in the U-tubc are; affected, in each 
e)f the; following cases: (1) When the piston is pushed inwards; 
(2) when the piston is pulled outwards. Explain how such an 
instrument as this enables the enclosed air to be; rarefie;d. 

ii. The common pump.— Examine a glass working model of a 
com me hi pump (Fig. 84). Use the pump to lift water, and explain 
clearly how it acts. Ne>tiee that both the valves open outwards e>r 
upwards as in the air-pump. 

iii. The siphon. — (a) Make a siphon by bending a glass tube in a 
fish-tail gas flame : make; one lirnb about 6 inches long and the other 
at least a foot. Fill the; siphon with water, e;ither by placing it in a 
bucket of water and covering each open «ud with one; of you r fingers 
before lifting it out ; or, by sucking water through it as when using 
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your pipette. Allow the siphon to empty itself ; from which end 
does the water flow ? 

Kill the siphon again, dip the short limb in a beaker of water, and 
notice what occurs when you take your linger from the long arm. 
Kill again and let the water flow' into a tall narrow vessel. Keep 
the beaker full of water and notice when the flow of water stops. 

(/>) Connect two short pieces of glass tubing with india-rubber 
tubing. Kill the tubes with w'ater, and insert the ends below' the 
surface of water in beakers or flasks about half full. Lift one of the 
flasks, and notice the (low r of water which takes place. Show' that 
no flow occurs when the level of liquid is the same in both vessels. 
Test whether a How takes place w hen the bend of the india-rubber 
is below' the lower of the two vessels. 

Observe w hether a siphon will act if there is a hole in it. 

The air-pump. — Several forms of air-pumps are in use, but in 
this place it will be sullicient to describe one of the simplest, 
that designed by Hawksbee, the essential parts of which are 
shown in Fig. 83. V is 
the receiver, from which 
it is required to remove 
air. The plate on which 
V rests is connected with 
a cylinder C by means of 
a tube, shown in the illus- 
tration, bent twice at 
right angles. At the end 
of this tube, remote from 
the receiver and just at 
the bottom of the cylin- 
der Cr , is a valve v 
opening upwards. In 
the cylinder w r orks, in an air-tight manner, a piston pro- 
vided w'ith a valve v' opening upwards : and a. handle for 
pulling the piston up and pushing it down is provided. The 
action is very simple. Imagine the piston to be at the bottom 
of the cylinder to begin with, and that it is then gradually 
pulled up. As this takes place, the air in the receiver and 
below the valve v is subjected to a diminished pressure, and 
consequently expands, filling the space which is formed as the 
piston moves upwards. This continues until the piston arrives 
at the end of its stroke. The piston is now pushed down. This 
compresses the air between v and v and increases its pressure, 
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causing the valve v to shut. But as the piston descends the 
pressure on the under surface of the valve v becomes greater 
than that of the atmosphere upon its upper surface, with the 
result that the valve v' opens upwards and the air in the space 
vi / rushes through the open valve into the outside air. The 
final result, when the piston reaches the bottom of the cylinder, 
is that there is less air in the receiver and tube connecting 
therewith than there was originally. As the piston is worked 
up and down the same opening and shutting 
of valves is repeated, with the result, that 
by and by, all the air is removed from the 
receiver. 

The common pump.— After examining a 
glass model like that shown in Fig. 84 , 
there is no difficulty in understanding the 
action of a common pump. To begin with, 
suppose that the pump is full of air and 
that the end of the tube below the valve 
b is dipped into a basin of water. The 
piston ec. is, to start with, at the bottom 
of its stroke near the valve b . As the 

piston is raised the air in the cylinder above 
b expands, and its pressure consequently 
decreases, the pressure on the lower surface 
of the valve b is, therefore, soon greater 
than that on its upper surface and it is 
pushed upwards by the air below it, the air 
flowing into the cylinder acb. The result of 
lM< coTmnon pumpf a this is that the air in the cylinder below the 
piston is of a lower pressure than that of 
the outside air, and as a consequence water is pushed up the 
tube b. This action continues until the piston reaches the end 
of its stroke towards the top of the pump. 

As the piston descends, the air in the cylinder below the 
piston c is compressed and its pressure becomes gradually 
greater. This closes the valve b and opens that in c, through 
which latter, of course, the air in the cylinder escapes. On 
raising the piston again the same effects are repeated until all 
the air in the pump is removed and the outside air pushes the 
water up until it reaches the spout and escapes. 




THE SIPHON U9 

It has been learnt that the air is able to support a column of 
mercury 30 inches in height, and as mercury is about 1 3i times 
heavier than water it is clear that the air could support a 
column of water of a height equal to 

30 inches xl3£- x 1 ft. = 33| ft., 
and it will at once be understood, since the efficacy of the 
common pump depends wholly upon the pressure of the air, 
that theoretically the spout of the pump must never be more 
than 33| feet from the level of the water. Practically the spout 
of an ordinary pump cannot be much more than 30 feet above 
the level of the water. 



Fig. S5.— To explain how the action of a siphon depends upon atmo- 
spheric pressure. 

The siphon. — The siphon is a simple instrument which can 
be easily understood after what has been said about atmospheric 
pressure. It consists usually of a bent tube, one leg of which is 
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longer than the other. It is tilled with the liquid to he trans 
ferred from one vessel to another, and while both ends of the 
tube are kept closed, the shorter limb is placed into the vessel 
of liquid. The result is that the liquid flows until the level of 
the liquids is the same in both vessels, or the higher liquid has 
been siphoned to the lower level. 

Suppose a siphon having limbs of equal length to be platted with 
the ends in two jars containing mercury at the same level, as in 
Fig. 85, A. For simplicity, suppose each tube to have a length 
of 30 inches, and let the surface of the mercury in each vessel 
be 12 inches from the bends of the tube. Under normal condi- 
tions the atmosphere is able to support 30 inches of mercury, 
but in the case illustrated the height of the mercury columns is 
only 12 inches. There is thus a surplus atmospheric pressure 
equal to 18 inches of mercury acting on the surface of the 
mercury in the jars ; but as it is the same in each, the mercury 
in the bent tube does not move. 

.But now consider the conditions represented in Fig. 85, B. 
The 30 inches of mercury in the left-hand tube just balances the 
Atmospheric pressure on the surface of the mercury into which 
it dips. On the right-hand side, however, the mercury column 
is only 12 inches high, so there is a surplus atmospheric pressure 
equal to 18 inches of mercury. The mercury is therefore forced 
through the tube, and the flow goes on until the level is .the 
same in each vessel, ft is thus seen that the force tending to 
push the liquid up an arm of a siphon is equal to the atmospheric 
pressure minus the pressure due to the liquid in that arm. 

Since the instrument depends upon the pressure of the atmo- 
sphere for its efficiency, it is dear that if the bend of the siphon 
is at a greater height above the level of the liquid than that 
which can be supported by the pressure of the atmosphere, then 
the siphon will not act. 

When the liquid is water, the height of the bend above the 
higher liquid surface must not exceed 33 feet (p. I ll)), and when 
mercury is being transferred by a siphon, this height must be 
under 30 inches. 
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Pressure on liquids. — Liquids communicate pressure equally in all 
directions. The pressure joer unit area which a liquid exerts depends 
only upon the depth below the surface — the direction is immaterial. 
The total pressure on any area within a liquid varies with the area 
considered. The pressure acting vertically upwards at a point in a 
liquid is equal to the downward pressure of the liquid above the 
point. 

The pressure of the atmosphere is due to its weight. The pres- 
sure diminishes as an ascent from the earth is made. At a height of 
miles the pressure is only one-half that at sea-level. 

The barometer is an instrument for measuring the pressure 
exerted by the atmosphere. The pressure of the atmosphere 
balances a column of mercury about 30 inches in height. 

Boyle’s Law states the relation between the volume and pressure of 
a gas. It can he expressed by saying that, the temperature re- 
maining the same, the volume of a given mass of gas varies inversely 
as its pressure. Or, what is the same thing, the product of the 
pressure info the volume of a given mass of gas is constant. 

The air-pump is an instrument for removing the air from a closed 
vessel or space. 

The common pump and the siphon depend for their action upon 
the pressure exerted by the atmosphere. 


EXERCISES ON CHAPTER VIII. 

1. Some deep-sea animals, when brought to the surface, become 
very much larger. Why is this? 

2. Describe a simple experiment to show that the pressure in a 
liquid increases with the depth below the surface. What pressure, 
expressed in grams' weight, would be exerted upon a square of glass 
of a decimetre side immersed to a depth of 10 metres in the water of 
a lake ? 

3. How would you prove to a class that the upward pressure per 
unit area at a depth of 10 feet Indow the surface of the sea is equal 
to a column of wafer 10 feet high and unit area in cross-section ? 

4. Given a. glass tube, thirty-two inches long, closed at one end, 
a bottle of mercury (quicksilver), and a small cup. State how you 
proceed (a) to construct a barometer, and (/>) to show the readings ot 
this barometer. (1S90.) 

5. State tin* principle on which the action of a mercurial barometer 
depends. Why is a water barometer longer than a mercurial baro- 
meter? What occupies the space above the mercurial column in the 
latter instrument? If a hole were to be bored through the glass 
above the column of mercury, what would happen ? (1891.) 



122 


LESSONS IN SCIENCE 


6. How can the weight of the air l>e determined ? In what way is 
the pressure exercised by the atmosphere on the earth’s surface, in 
consequence of its weight, stated ? How is it that we are able to 
move about under the weight of the atmosphere ? (1889.) 

7. Enunciate the law associated with the name of Boyle. Describe 
a simple form of apparatus to prove that, if a given mass of air is 
acted upon by a pressure twice as great as that of the atmosphere, 
its volume becomes one half what it was originally. 

8. Draw a common pump, and explain how it acts. At what 
depth will such a pump become ineffective ? 

9. What is a siphon ? What experiments would you perform to 
explain its action to a class ? 

10. Make a sketch of some form of air-pump and describe how 
the instrument enables the air to be removed from a closed vessel. 

1 1. About what height does the mercury column of the barometer 
generally stand ? Explain why the tube must be kept in a vertical 
position. (Queen’s Sell., 1899.) 

12. What do you know about the contents of that part of the 
barometer tube which is not idled by the moreuiy ? What simple 
experimental proof of the truth of your answer can be given? 
(P.T. 1902.) 

13. Three similar bottles of water are turned upside down, the 
first under water, the second free to the air, the third free to the air 
lint fitted with a cork, through which a narrow hole has been drilled. 
Compare and explain what happens in each case. (Certificate, 1905.) 



CHAPTER IX. 


EFFECTS OF HEAT. THERMOMETERS. 

31. EXAMPLES OF EXPANSION BY HEAT. 

i. Expansion of solids^— (a) Take a metal ball suspended by a 
chain as shown in Fig. 86, and suspend it by the side of a metal 
ring, through which it just passes easily. Heat the ball in a labora- 
tory burner for a few minutes, and then try to drop it through the 
ring. It is too large and rests on the ring. Now allow it to cool 



Fin. 86.— Apparatus for showing that. Fig. 87.- Compound strip of ebonite 

a metal ball is larger when hot than it and wood to show the greater expan - 
is when cold. sion of ebonite when heated. 

slowly and notice that after a short time it gets smaller and will 
slip through. 

(/>) Solder a strip or wire of brass, about two feet long, to one of 
iron of the same length. Straighten the compound strip by 
hammering ; then heat it. Notice that the strip hends, because the 
brass expands more than the iron. The same effect can be shown 
by means of a strip of ebonite glued to a strip of wood, on account 
of the ebonite expanding more than the wood (Fig. 87). 

123 
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ii Expansion of liquids.— (a) Procure a 4-oz. 
flask and lit it with a cork. Boro a hole 
through the cork and pass through it a long 
glass til lie which fits tightly. Fill the flask 
with water coloured with red ink. Push tiie 
cork into the neck of the flask and so cause the 
j coloured water to rise up the tube. See that 

■ there is no air between the cork .and the water. 

E== Now dip the flask in warm water, and notice 

~ - that the liquid soon gets larger and rises up 

— the tube (Fig. 88). Take the flask out of the 
warm water, and see that the coloured water 

gets smaller as it cools, and that it sinks in the 

tube. 

— (/>) Arrange two other flasks as in the last 
experiment, but filled respectively with alcohol 

__ and turpentine. Push in the corks till the 

■ * liquid stands in each tube at the same height. 

Fia.88.— 1 The expansion I >ll f the flasks to the same depth into a vessel 

of a liquid. of warm water. Notice that the expansion of 

the glass causes a momentary sinking of the 
liquids ; and that ultimately the 

expansions of the liquids are very ^ 

different. f \ 

iii. Expansion of gases.— (o) n / ) 

Procure a well-made paper l»ag l I 

and tightly tie a piece of tape \ J 

round the open end. Hold the x. s' 

bag in front of the fire, and notice \ f 

that the air inside gets larger and )-[ 

inflates the bag. 4 hL 

{b) Or, obtain a flask with a 
cork and tube as in Fig. 89, i. I 

Remove the cork and tube, and, R 

by suction draw a little red ink 
into the end of the tube near the 
cork. Re-insert the cork, and 
gently warm the flask by clasping 
it in your hands. Notice that 
the air in the flask gets larger 
and pushes the red ink along the I l 

(c) Turn over and place the / x. 
open end of the tube beneath the f \ 

surface of some coloured water in I ] 

a beaker. Warm the flask with l I 

the hand or a flame so as to expel 

some of the air, and let the liquid ~ y 

rise in the stem (Fig. 89, ii. ). This k it 

arrangement constitutes an air Fi G . «i> — Experiments to show the 
thermometer, expansion of air by heat. 


EFFECTS OF HEAT. THERMOMETERS 


125 


(i d ) Fas tern in an air-tight manner two bulbs or flasks together by 
a tube bent six times at right angles, and containing some coloured 
liquid in the middle bends (Fig. 90). 

Show that the liquid moves if one 
flask is warmed more than the other. 

This instrument is known as a differ- 
ential thermometer. 

Change of size. Expansion. —As 

a rule all bodies, whether solid, 
liquid, or gaseous, get larger when 
heated, and smaller when cooled. 

The change of size which a body 
undergoes is spoken of as the amount 
it expands or contracts ; or, heat is 
said to cause expansion in the body. 

This expansion is regarded in three 
ways. When dealing with solids, expansion may take place in 
length (linear expansion), in area (superficial expansion), and in 
volume (cubical expansion). In the case of liquids and gases we 
have only cubical expansion. Similar terms can be used with 
reference to contraction. 

The expansion which substances undergo when heated must 
be allowed for in many engineering projects. Railway lines, for 
instance, are usually not placed close together, but a little space 
is allowed between the separate rails, so that they can expand in 
summer without buckling. Steam pipes used for heating rooms 
are also not fixed firmly to the walls at both ends, but are left 
slightly loose or are loose- join ted, so that they can expand or 
contract without doing any damage. For the same reason the 
ends of iron bridges are not fixed to the supports upon which 
they rest. Iron tyres are put on carriage wheels by first heating 
the tyre, and while it is hot, slipping it over the wheel. As the 
tyre cools it contracts and clasps the wheel tightly. 

The common occurrence in domestic life of the cracking of 
thick glasses, when boiling water is poured on them, may be 
explained by this expansion of solids by heating. The part of 
the glass with which the hot water comes in contact is heated 
and expands ; but the effect is quite local ; the heating is con- 
fined to one spot, because glass does not allow heat to pass 
tli rough it readily. It is this local expansion of the glass which 
results in the cracking of the vessel. 



Fig. 90 — A simple form of 
differential thermometer. 
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It is not to be supposed, however, that substances always 
expand on being heated ; it will be learned later that water, 
under certain conditions, shrinks in volume as its temperature 
rises. A piece of rubber, too, stretched by a weight, con- 
tracts considerably on being heated. This result is, however, 
deceptive. Unstretched rubber acts in the usual way and 
expands as its temperature rises. The explanation is that hot 
rubber is not so easily stretched as cold. The amount of stretch 
due to the weight is lessened, and masks the expansion due to 
the heat. 

Measurement of change of temperature.— Change of tem- 
perature means change in the state of hotness or coldness of a 
body. The change of size which takes place when a thing is 
heated gives a good way of measuring the change of temperature 
which it undergoes. Think of the experiment with the coloured 
water in the flask with a long tube attached to it. Suppose the 
coloured water in the tube rises through a certain number of 
inches after the water has been heated, and that when the 
flask is placed into some other liquid, or some more water, the 
coloured water is found to rise up the tube to just the same 
place, wc should have every right to say that the second liquid 
is exactly as hot as the first was. This plan provides a means 
of measuring temperature. The flask and tube with the water 
have become a “temperature measurer,” that is, a thermometer. 


32. TEMPERATURE AND THERMOMETERS. 

i. The sense of feeling may be deceived. — Arrange three basins 
in a row ; into the first, put water as hot as the hand can bear, into 
the second put lukewarm water, and fill the third with cold water. 
Place the right hand into the cold water and the left into the hot, 
and after half a minute quickly put both into the lukewarm water. 
The left hand feels cold and the right hand warm while in the same 
water. 

ii. Measuring temperature.— (a) Plaee the flask of water, with 
fitted tube used in Expt. 3J ii. (a), in hot water, and notice the 
height of the liquid in the tube. Transfer it to cold water, and 
observe that the liquid in the tube sinks. 

{!>) Procure, or make, a thermometer tube with a bulb at one end. 
With a little practice it is easy to blow a bulb upon a piece of 
thermometer tubing. One, end of the tubing is held in a blow-pipe 
flame and twirled round until the glass melts and runs together so 
as to seal up the tube. A small blob of glass is then allowed to 
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form, and while the glass is molten the tube is taken out of the 
flame and blown into steadily. To introduce mercury afterwards, 
heat the bulb and while it is hot invert it and put the open end 
into mercury. As the bulb cools, mercury will rise in the tube and 
take the plane of the air driven out of the tube by heat. Repeat 
the operation until the mercury fills the bulb and part of the stem. 

(c) Place in hot water the bulb of the instrument 
just constructed, and make a mark at the level of 
the mercury in the tul>e. Now place the instru- 
ment in cold water, and notice that the mercury 
sinks in the tube. The mercury is thus seen to 
expand when heated and contract when cooled. 

(d) Examine a thermometer. Notice that it. is 
similar to the simple instrument already described, 
but the top is sealed up, and divisions or graduations 
are marked upon it, so that the height of the 
mercury in the tube can be seen easily. These 
divisions are called degree* (Fig. 91). 

Feeling of heat and cold.— Some people feel 
cold at the same time that others feel warm. 

Tt is easy to understand that the sense *of feeling 
cannot be depended upon to tell us accurately 
whether the air or any substance is hot or cold. 

Some instrument is needed which does not 
depend upon feeling, and cannot be deceived in 
the way that the senses can. Such an instru- 
ment is called a thermometer, and it is used to 
measure temperature, that, is, the degree of 
hotness or coldness of a body. 

How expansion may indicate temperature. 

— It has already been learned that substances 
usually expand when heated and contract when 
cooled. A flask filled with water, for instance, 
and having a stopper through which a glass tube Fm. jm.~ Tlier- 
passes, can be used to show the expansion pro- for^^sed* for 
duced by beat and the contraction bv cold. But scientific work, 
this flask and tube make but a very rough 
temperature measurer. The water does not get larger to the 
same amount for every equal addition of beat. Neither is it 
very sensitive, that is to sav, it does not show very small 
increases in the degree of hotness or coldness, or, as the student 
must now learn to say, it docs not record very small differences 
of temperature, and for a thermometer to be of value it must 
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do this. Then, too, as every one knows, if water is made very 
cold it becomes ice, which, being larger than the water from 
which it is made, would crack the tube. For many reasons, 
therefore, water is not a good thing to use in a thermometer. 

Choice of things to be used in a thermometer. 

1. The substance used should expand a great deal for a small 
increase of temperature. 

Gases expand most, and solids least, for a given increase 
of temperature. Liquids occupy a middle place. The most 
delicate thermometers are therefore those where a gas, such as 
air, is the substance which expands. But in common thermo- 
meters a liquid, either quicksilver or spirits of wine, is used. 
Both these liquids expand a fair amount for a given increase of 
temperature, and, to make this amount of expansion as obvious 
as possible, they are used in fine threads by making them 
expand into a tube with a very fine bore. 

2. If a liquid is used it should not change into a solid unless cooled 
very much, nor into a gas unless heated very much. 

It is difficult to be sure of both these things in the same 
thermometer. When a thermometer is required for measuring 
very low temperatures it usually contains spirits of wine, because 
this liquid has to be cooled a great deal before it is solidified, 
that is, made into a solid. But this thermometer cannot be used 
for any great degree of temperature because spirits of wine is 
soon changed completely into a vapour when heated to only a 
comparatively small extent. If we wish to measure higher 
temperatures we use a quicksilver or mercury thermometer, 
because mercury can be warmed a good deal, or, as it is better 
to say, raised to a high temperature, without being changed into 
a gas. 

3. The liquid should be in a fine tube of equal bore with a 
comparatively large bulb at the end. 

Liquids have to be contained in some sort of vessel or else 
they cannot be kept together. There must be a fine bore, so 
that the liquid may appear to expand very much for a small 
change of temperature. The bore must be equal all the way 
along, that is, the width or diameter of the inside of the tube 
must be the same all the way along, so that a given amount 
of expansion in any part of the tube shall mean the same 
change of temperature ; and, lastly, there must be a large 
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bulb, so that there is a large surface to take the same tem- 
perature as that of the substance the temperature of which is 
being measured. 

Reasons why mercury is used for thermometers.— There 
are many reasons for selecting mercury as the liquid for an 
ordinary thermometer in addition to those 


already mentioned. 

It is a liquid the level of which can be easily 


It does not wet the vessel in which it is W H 

contained. IL 

It expands a considerable amount for a A A 

small increment of temperature. j 1 

It is a good conductor of heat, and conse- j i! 

quently it very quickly assumes the tempera- ! ! 

ture of the body with which it is placed in j 

contact. ,j I 

Very little heat is required to raise its 
temperature, and there is therefore very little !j| 
loss of heat duo to warming the thermometer. | 

Construction of a thermometer.— Having 
selected a suitable piece of thermometer 
tubing, first a bulb must be blown on one I il 

end. The glass is melted at this end and ■ ;J fjj 

allowed to run together and so close up the A A 

bore. While the glass is still molten, air is j I 

blown down the tube from the other end, j 

the tube being moved round, so that the bulb 
may be placed symmetrically v.* ; «h reference moiuotenTin c«.ur»o 
to it. The bore of the tube is so fine that taiS** wVliu^J 1 at 
it is impossible to pour the liquid down it ; top; (ii) tube with 
some other plan must therefore be adopted, ucied. fuilllU dt 
The top of the tube may be enlarged into 
the shape* shown at A in Fig. J)2, or a small funnel may be 
connected with it, as at />, and the li<juid with which the 
thermometer is to be filled poured in. Let us suppose mer- 
cury is being used. Warming the tube makes the air inside 
it expand, and of course some is driven out. As the tube cools 
the mercury is forced in, by the weight of the atmosphere, to 
fill the place of the expelled air. By repeating this alternate 
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process of wanning and cooling, in the circumstances described, 
enough mercury is soon introduced into the tube. The next 
step is to seal up the tube, leaving no air above tilts mer- 
cury; to do this the bulb is heated to a temperature slightly 
higher Hum the thermometer is expected to register. The 
mercury expands, and when it has reached the drawn-out part, 
(\ of the tube, a blow-pipe llame is directed against the glass, 
and the tube is thus closed up. This method of closing a tube 
and keeping the air out is called hermetically scaling it. The 
thermometer at this stage should be put on one side for some 
days at least, in order* that it may assume its iinal size, which it 
does very slowly. 




33. GRADUATION AND USE OF THERMOMETERS. 

i. The temperature of melting ice. — (a) Place some pieces of 
clean ice in a. beaker or test-tube and push a thermometer amongst 
them. Notice the reading of the thermo- 
meter ; it will he either no tleynw (0°) or 
very near it. 1 Warm the beaker or test- 
tube, and observe that as long as there 
is any iee mi melted the reading of the 
thermometer remains the same. 

(b) Itepeat. the experiment with pieces 
of some other blocks of iee, and observe the 
important fact, that the temperature of 
clean un iting iee is the same in all your 
tests. 

ii. Effect of adding salt to the ice. - 

(n) Add salt to the melting iee, and notice 
that the thermometer indicates a lower 
degree of temperature. 

iii. The temperature of boiling water. — 
(a) boil some distilled water in a ilask, 
test-tube (Fig. tKI), or beaker, and hold 
a. thermometer in the boiling water. 
Notice the. temperature. Raise the ther- 
mometer until the bulb is just out of the 
water and only heated by the steam. 
Again record the temperature. In both 
eases the reading is the same. It is 
either one hintdri.d deyrrett (100 ), or very 

near it, if yon use a thermometer with Centigrade divisions. 

{(>) Repeat, the experiment, with a second lot of pure water, and 
note that. the. temperature of boiling water is again about 100°. 

1 A Centigrade, tlievinornetev is supposed to be used. If a Fahrenheit thermo- 
meter is used the reading will bo dT. 


Fio. i»:i. — Test-tube with 
thermometer fitted for ob- 
serving the boiling point of 
water. 
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(c) Add salt to the water. Hold a thermometer in the steam of 
the boiling water, and notice that the temperature is the same as 
before, namely, 100 J . Push the thermometer into the water, and 
notice that a higher degree of temperature is indicated. 

(d) Again place the thermometer in clean ice in a test-tube or 
flask. Gently heat the vessel, and notice: the following changes : 

(1) The mercury remains at 0 until all the ice is melted: 

(2) When the ice is melted the mercury rises gradually until it 
reaches 100 . 

(3) The mercury remains stationary at 100° until all the water is 
hoi led away. 

iv. A thermometer cannot be deceived. — Arrange three basins of 
cold, lukewarm, and hot water side by side. Place the thermo- 
meter in the cold water and then in the lukewarm water. Notice 
the temperature indicated in the lukewarm water. Now place the 
thermometer in the hot. water, and when it. has been there a minute 
or two put/ it into the lukewarm water. Notice that the tempera- 
ture indicated is practically the same as before. It is thus seen 
that, unlike our sense of feeling, a thermometer is not deceived by 
being made hot or cold before using it to indicate temperature. 

v. The clinical thermometer. — Examine a clinical thermometer. 
Notice the large space between separate degrees. Observe that just 
alwivc the bulb the bore of the thermometer is constricted. Hold 
the bulb in your hand and watch the expansion of the mercury. On 
exposing the thermometer to the air and allowing it to eon], notice 
that the mercury thread breaks at the constriction. The mercury 
can be shaken hack into the bulb (Pig. 97). 

The fixed points on a thermometer. -In the graduation 
of a thermometer the plan usually adopted is to choose “two 
fixed points” from which to number degrees of temperature. 
The most convenient lower fixed point to select is the tem- 
perature at which ice melts, or water freezes, for this is always 
the same if the ice is pure, and remains the same so long as t here 
is any ice left unmolted. Whenever the thermometer is put 
into melting ice, the mercury in it always stands at the same 
level ; or melting ice is always at the same temperature and thus 
may be used to give one fixed point. The “higher fixed point” 
chosen is that at which pure water boils at the sea -level. This 
stipulation must: be ma.de, for the boiling point, of a liquid is 
altered when the pressure upon it. is changed, being raised if the 
pressure is greater, and lowered if the pressure is less. When 
the water boils, the temperature of the steam is the same as that 
of the water, and remains so as long as there is any water left. 
Tlie lower fixed temperature is referred to as the u Freezing 
Point of Water,” and the higher as its “ Boiling Point.” 
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Marking the freezing point.— For this purpose an arrange- 
ment like that shown in Fig. 94 is very suitable. The funnel is 
filled with pounded ice, which before powdering lias been 
washed carefully : or snow may, if more convenient, be used. 
The glass dish catches the water which is formed from the 
melting of the ice or snow. A hole is made in the pounded ice 
by thrusting in a pencil or glass tube about the size of the r 



Fig. 94. •—Thermometer in ieo for the Fio. Ho.— Flask fitted for the deter- 

observation of freezing point. initiation of boiling points. 

thermometer, and into this hole the thermometer is put, and is 
so supported that the whole of the mercury is surrounded by 
the ice or snow. The arrangement is left for about ten or 
fifteen minutes, until it is quite certain that the tube and 
mercury arc at the same temperature as the melting ice. When 
this is so the tube is raised until the mercury is just above the 
ice, and a fine scratch is made with a three-cornered file on the 
tube at the level of the mercury. 

Marking the boiling point. — On account of the condensation 
of vapour upon the thermometer, the method used in Expt. 33 iii. 
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to find the boiling point is not a very accurate one. More 
exact determinations can be made by means of the apparatus 
shown in Fig. 95. A can or flask F is fitted with a cork, 
through which a glass or brass tube B passes. Surrounding 
this tube is a wider tube V, fitted upon the inner tube by 
means of a piece of thick india-rubber tubing />. At the top of 
the outer tube is a cork E having a hole in which a thermometer 
can be fitted. When the water in the flask is boiled, steam 
passes up the inner tube /i, and down the wide tube C, and 
escapes at the outlet G into the open air. To use the apparatus, 
the top of the stem of the thermometer being graduated is 
pushed gently into the cork which fits in the outer tube, and 
adjusted so that the point reached by the mercury at the 
temperature of boiling water is just above the cork. The cork 
is then fitted into its place, the water boiled, and when steam 
has been coming off* for about a quarter of an hour, an obser- 
vation is made of the point reached bv the to]) of the mercury 
in the tube. The observation is repeated after a few minutes, 
and when two readings obtained at an interval of about ten 
minutes agree, the point at which the top of the liquid stands 
is marked upon the stem. The temperature observed is the 
boiling point of water under the particular conditions existing 
at the time and place of the experiment. 

Precautions necessary in marking the fixed points.— Since 
experiments have shown that the mixture of common salt with 
ice or snow lowers the temperature of the ice or snow, great 
care must be taken that pure clean ice is used when the lower 
fixed point of a thermometer is being marked. Jt must also be 
noted that the presence of substances other than common salt 
similarly have an effect on the temperature. 

The temperature of a boiling solution of common salt in water 
is higher, too, than that of the steam which is given off from it. 
Moreover, since it is the temperature of the steam from boiling 
water which alone remains constant at the sea-level (the nature 
of the containing vessel and the presence of substances in 
solution affecting the temperature of the liquid), in marking the 
higher fixed point of a thermometer the instrument should he 
surrounded by the steam and not placed in the liquid, it will 
be seen more fully later that an increase of atmospheric pressure, 
represented by an increased barometric height, raises the 
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temperature at which water boils, hence the height of the 
barometer must be recorded when the higher fixed point is 
being marked. 

Thermometer scales.— Some value must now be given to 
the two lixed points which have been obtained as previously 
described, and of course they could be called anything the 
maker of the thermometer liked, but for the sake of comparing 
one man's observations and experiments with those of other 
people, it is most convenient, to graduate all thermometers in 
the same way. The thermometers used in tin's country are 
divided up in two ways— <(]) the Centigrade scale, (2) the 
Fahrenheit scale. A third scale — the Reaumur scale is exten- 
sively used in Germany. 

The Centigrade scale. — Here the freezing point is called 
zero or no degrees Centigrade, written 0° C. The boiling point 
is called one hundred degrees Centigrade, and is written J 00' C. 

1 lie space between these two limits is divided into 101) parts, 
and each division called a degree Centigrade. 

The Fahrenheit scale. — On thermometers marked in this 
wa\ the freezing point is called thirty-two degrees Fahrenheit, 

written 32° F., and the 
boiling point two hun- 
dred and twelve degrees 
Fahrenheit, written 
212° F. The space 
between the two limits 
is divided into 180 
parts, and each divi- 
sion is called a degree 
Fahrenheit. The reason 
of this difference is 
interesting. The phy- 
sicist Fahrenheit, after 
whom the thermometer 
is named, obtained a 
very low temperature, 
by mixing common 
sa t with the pounded ice when marking the lower lixed point, 
and lie wrongly imagined ■‘.’•at he had obtained the lowest 
temperature which coulfi.be 'lp.r,' lied, and called it zero. 


Ill 


Ht 'Moiling Point of Mu ter 


Melting point. ofic& 


Cenn grade Fahrenheit Reaumur 

Fio. 9G. — Thcrmomctric scales. 
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The Reaumur scale. — Upon thermometers graduated accord- 
ing to this scale the freezing point is marked 0° and the boiling 
point 80°. The relation between the three scales 
is shown in Fig. 00. 

The doctor’s thermometer.— For the measure- 
ment of the temperature of the body, what is 
termed a clinical thermometer is best- (Fig. 07). 

As the temperature of the living human body 
is never many degrees above or below a tem- 
perature of 98° F., a clinical thermometer is only 
graduated from about 95' F. to 110" F. If the 
bulb of such a thermometer is put into the mouth, 
or under the armpit, of a person in health, and 
left there for two or three minutes, it will be 
found, on taking it out, to indicate a temperature 
from 97° *8 F. to 98’'0 F. The thread of mercury 
in the stem of the thermometer remains in one 
position, though the air is cooling the mercury |~| 
while the thermometer is being read. This is 
because of the constriction at the top of the bulb, 
which causes the thread of mercury in the. stem 
to be left behind while the mercury in the bulb 
contracts. To “set” the thermometer for a fresh 
observation, it is only necessary to jerk it slightly, 
when the thread of mercury will again join up to 
the liquid in the bulb. 


34. COEFFICIENTS OF EXPANSION. 

i. Coefficient of expansion of a solid. — Procure clinical ' ther- 
and examine the apparatus shown in Fig. 98, if mouictcr. 
necessary, titling the parts together. Notice that 
AH is a glass, or metal, rod resting in a groove at A , against a 
weight IF, and rolling on a needle on a glass bed at ]>. Fix a 
split straw pointer to the needle to move against the graduated 
quadrant K. Observe that CO is a tube of wide bore lixed on the 
rod by means of (forks and having an inlet for steam at C and an 
escape at O. When the apparatus is in adjustment take the 
temperature of the room in the neighbourhood of the apparat us, and 
then pass strain through CD for 5 or 10 minutes. Note what part- 
of a whole turn the pointer moves through. Obtain the diameter of 
the needle by placing several similar needles in a row, measuring the 
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total breadth and dividing by the number of needles. Obtain the 



Fie. UiS. —Apparatus to show the expansion of a rod. 


actual movement of the end B of the rod l»v multiplying together 
the fraction of a rotation shown by the index and the circumference 



Fin. in*. — Appa- 
ratus to show the 
expansion of liquids. 


of the needle. The latter is 31th times the dia- 
meter of the needle. Assuming the steam to be 
at 100' C. obtain the rise of temperature of t he rod. 

Then calculate thus : 

A length of cm. of the metal or glass rod 

wdien raised degrees ex ] landed cm. 

'Therefore 1 cm. of the rod when raised I degree 
expands cm. 

The value so obtained is the eoeflieient of 
expansion of the material of the rod used. 

ii Coefficient of expansion of liquids.— (a) Close 
one end of a glass tube about 30 cm. long and 3 
mm. bore. Partly till the tube with water, and 
fasten it to a thermometer by means of threads 
or india-rubber bands (Fig. 99). Plaee the com- 
bination in melting iee, so that the water is 
surrounded by the ice, and observe the degree 
on the thermometer, level with the surface of the 
water in the tube. Repeat the operation with 
the combination successively in water at f>( 1°, 0O‘ J , 
7o\ NO", and 90", taking care that the water in the 
till h; is completely immersed. Now take the com- 
bination out of water, and measure the distance 
from the bottom of the tube to the point at which 
the surface of the water stood in each case, 
taking care that the tube? does not move. Record 
the observations thus : 
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Find from these results, the average increase of length for 1° 
rise of temperature, and the fraction which this increase is of the 
original length. 

As the tube is uniform in bore the lengths of the column of water 
are proportional to the) volume of the water, so that the results will 
show the increase of the volume of water for a rise of temperature 
of 1°, expressed as a fraction of the original volume. 

(ft) Repeat the preceding experiment, using turpentine, alcohol, 
or mercury instead of water in the tube, and find in the same way 
the fraction of its volume at () lJ by which the liquid expands for 
a rise of temperature of 1° C. 

iii. Coefficient of expansion of a gas. — Obtain a piece of thermo- 
meter tubing of about 1 mm. bore and 20 cm. long. Suck into it a 
length of about 1 cm. of mercury. Seal one end of the tube and 
arrange that the index of mercury comes near the middle of the tube 
when the end has been closed and the tube is cool. Fasten the tube 
to a thermometer, closed end downwards (Fig. UK)). You have in it 
a certain volume of air, and can find the volume at different tem- 
peratures as you did with liquids. Place the combined thermometer 
and tube in melting iee and notice the position of the air column 
with reference to the thermometer scale. Repeat the operation for 
every 10° up to 100° C., taking care that the air column is immersed 
completely in each case, and giving the tube two or three taps before 
making an observation, in order to make sure that the mercury is 
not sticking to the. tube. Record your observations thus : 


Avkiiacr 

NX I* AN SHIN FOR 

1C. 


Temper atcuk. 


Cenctii of Atr 

COLCMX. 


Expansion for 
l<r C. 


As the tube is cylindrical and uniform in bore, the volume of the 
air in it is proportional to tie* lengths of the air column. The 
average increase of volume for 1 C., expressed as a fraction of the 
volume at U' C., is the coefficient of expansion. Find from your 
results the coefficient of expansion of air. 

When a gas is heated in circumstances where, as in these* experi- 
ments, free expansion is possible, it is said to expand under a 
constant, pressure. Roth at the beginning of the* experiment and 
after the gas lias been heated, the pressure to which it is subjected 
is simply that of the atmosphere. 

Measurement of expansion.— While a definite rise of tem- 
perature causes most bodies to expand, the amount of the 
expansion varies within wide limits. In the case of certain 
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special alloys it is almost negligible, while gases expand nioro 
than double their volume on being heated from <> C. to 30() u l !. 

Having now a means at command of measuring tempera- 
tures, a more exact comparison of expansions becomes possible. 
The coefficient of expansion is the term used for the rate of 
expansion when the temperature is increased. In the case 
of solids we are usually concerned with the linear coefficient, 
of expansion, while for liquids and gases the coefficient of 
cubical expansion is of importance. 

The fraction of its length, at 0° C., which a body expands when 
its temperature is raised through 1° C. is called its coefficient of 
linear expansion. 

The actual expansion being small in the case of solids, it is 
not necessary to measure the length of a solid at 0°0. A 
simpler definition is sufficiently accurate. It may be said that 
the fraction of its length which a solid body expands on being 
heated 1° C. is called its coefficient of linear expansion. 

It must, however, be remembered that in the case of gases, 
owing to the large changes that take place, the strict words 
of the definition must be adhered to and the expansion com- 
pared with the volume at 0° 0. 

The fraction of its volume, at 0° C., which a body expands when 
its temperature is raised through 1°C. is called its coefficient of 
cubical expansion. 

Coefficient of linear expansion. — To obtain a measurement 
of the linear expansion of a rod when heated to a known tem- 
perature the form of apparatus shown in Fig. 98 may be used. 
A rod of glass or metal about 18 inches long is surrounded by a 
glass tube having an inlet for steam at C and an outlet at I). 
The end A of the rod rests in a V-shaped groove and against a 
weight W. The other end rests on a needle which is free to 
roll on a glass base. To the needle is attached a cork having a 
split straw pointer. Any movement of the needle will be 
observed against the scale K 

When steam is passed through the tube it heats the bar, and 
the expansion shows itself at B — the end A being fixed- by 
causing the needle to roll. To secure good contact the rod may 
be roughened with emery where it rests on the needle, and 
pressed to it by means of an elastic band attached to the 
support. 
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After the steam has circulated for f> or 10 minutes, the part 
of a complete circle the index has moved through is observed. 
This shows what part of a complete rotation the needle has 
made. 'To find the horizontal expansion of the rod correspond- 
ing to this rotation it is necessary to determine the diameter of 
the needle. To do this several similar needles are placed in 
a row, the total breadth is measured and divided by the 
number of needles. 

The circumference of a circle being equal to its 


diameter x 


22 

i 


the distance the needle would roll in one complete rotation 
would be 


22 

diameter of needle x — . 

7 


The actual distance rolled, corresponding to the expansion of 
the rod, 

distance corresponding to a the part of a complete rotation 
~~ complete rotation. shown by the index. 

Suppose the measured expansion to be E, the length of the 
rod up to the needle L, and its temperature at the commence- 
ment of the experiment 15° 0. The fraction of its original length 

E 

which the rod expands will be j . 


The rise of temperature having been from 15°C. to 100°C., that 
is 75° C. the fraction of its original length which the rod expands 

E 

for each degree of temperature will be . 

Jj X t u 

This is the coefficient of linear expansion. 

Coefficient of cubical expansion of a liquid— The rate of 
expansion of a liquid with rise of temperature can be obtained 
with the apparatus shown in Fig. 99. It consists of a glass tube 
open at one end, and about 30 cm. in length, and with a bore 
of about 3 mm. It is partly filled with the liquid, the expansion 
of which is to be determined. The tube, fastened to a thermo- 
meter, as shown in Fig. 99, is immersed in a bath of water 
and observations made from 0° C. to nearly the boiling point of 
water. The temperature of the bath is obtained from the 
thermometer, the scale of which also serves for observations of 
the liquid level. The original length of the column being 
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measured, and its expansion for a definite rise of temperature 
obtained as above, all the data exist for the calculation of the 
coefficient of expansion. It should be carefully noted that it is 
cubical expansion that is observed. Neglecting the expansion 
of the glass, the increased volume of the liquid due to heating 
shows itself as an increase of length of the liquid column. 

Beal and apparent expansion of liquids.— Hitherto the 
expansion of the glass containing a liquid has not been con- 
sidered. But the glass, like most substances, also expands 
when heated, though it may not be noticed, as the expansion 
of the liquid is so much more. The momentary sinking of the 
liquid levels when the flasks were first placed in the warm 
water in Expt. 31 ii. (h\ was caused in each case by the ex- 
pansion of the flasks. The flasks becoming warm first, increased 
in size. The liquid level fell. As soon, however, as the contained 
liquid began to get warm, with its greater 
rate of expansion, it outstrip] >ed the expan- 
sion of the glass and the liquid level rose 
again. The amount which a liquid expands 
appears less than it actually is because of 
the expansion of the vessel. This expansion 
which it appears to possess is called its 
apparent expansion. To obtain the real 
expansion of a liquid it is necessary to 
add to the apparent- expansion the amount 
the glass expands, or, 

real expansion its apparent, expansion of 
of a liquid expansion the glass. 
If any two of these values are known, the 
third can evidently be easily calculated. 

It will be seen that in the case of a ther- 
mometer and in Expts. 32 and 33 apparent 
expansion only is observed. 

Expansion of gases. — The expansion of 
gases is very much greater than that of 
either solids or liquids. Thus, 273 c.c. of 
dry air at 0° C. become 271 c.c. at l r, C. and 
373 c.c. at 100° C. The coefficient of expan- 
sion is consequently -.,1.. ; and this is practically the coefficient 
for all gases. This law is not, however, strictly obeyed by all 



Fig. 100. — Determina- 
tion of co-effinient of 
expansion of a gas. 
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gases, though air and some other gases conform to it with great 
accuracy. The air thermometer is often used as a standard, 
since the expansion of air witli increase of temperature is both 
regular and large. 

The coefficient, of cubical expansion of a gas can be determined 
by enclosing a definite quantity of air in a long narrow tube 
closed at one end, the gas being separated from the air bv a 
tiny thread of mercury (Fig 100). The length of the column of 
air represents the original volume of the gas. The expansion 
the air undergoes will push the index outwards, and these 
movements can be observed. If temperature observations are 
simultaneously taken, the expansion per unit volume per degree 
of temperature can be obtained. 


Coefficients of linear expansion of solids. 


Expansion 

Per Degree C. 

Brass, - - - 0 000019 

Iron, 

Expansion 
Per Decree C. 
- 0 000012 

Copper,- - - 0-000017 

Platinum , 

- 0-000009 

Glass (tube), - - 0-000008 

Zinc, 

- 0-0000-29 

Coefficients of cubical expansion of liquids. 

Alcohol, - - 0 00109 

Olive oil, 

- 0*00068 

Glycerin, - - 0*00053 

Turpentine, - 

- 0 00105 

Mercury, - - 0*00018 

Petroleum, - 

- 0*00099 

Coefficient of expansion of gases. 

increase of Volume at 
Constant Pressure. 

Hydrogen, - 0*00366 

Air, - 


0-00367 

Carbon dioxide, 

- 

000371 


CHIEF POINTS OF CHAPTER IX. 

Effects of heat.— (1) Change of size. (2) Change of state. (3) 
Change of temperature.. Change of size is known either as c.vpa union 
or rout ruction. The former is generally brought about by heating, 
the la tter by cooling, 

Expansion and contraction by heat must he taken into account 
in (/f) laying railway lines, \h) fixing steam or hot-water pipes, (c) 
building* bridges. The effects are utilised in fixing iron tyres to 
wheels. 
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Choice of materials to be used in a thermometer. —(1) The sub- 
stance used should expand a great deal for a small increase of 
temperature. (2) If a liquid is used it should not change into a 
solid unless cooled very much, or into a gas unless heated very 
much. (3) The liquid should be in a line tube with a comparatively 
large bulb at the end. 

Reasons why mercury is used for thermometers.-— In addition to 
the reasons above, {a) its level can be easily seen ; {h) it does not 
wet the vessel in which it is contained ; (c) it is a good conductor of 
heat ; (d) very little heat is required to raise its temperature. 

The fixed points on a thermometer. — ( 1 ) The temperature at which 
ice melts or water freezes : (2) the temperature of the steam issuing 
from boiling water when the barometer stands at 30 inches. 

Thermometric scales. — The distance between the freezing and boil- 
ing points on the stem of a thermometer may be divided as follows : 

Fahrenheit Centigrade R6amnur 

scale. scale. scale. 

Boiling point, - - - 212° 100° 80° 

Freezing point, - - 32° 0° 0° 

Coefficients of expansion. -Tin* fraction of its length which a IkkIv 
expands on being heated through 1° C. is called its coejjicicvl of linear 
erpanmon. 

The fraction of its volume, measured at 0° 0. , which a body 
expands on being heated 1°C. is called, its coefficient of cvhicaf 
exclusion. 

When the total expansion for a large change of temperature 
is observed, the average change for each degree is called tin* mean 
expansion between the extreme temperatures, and the average 
coefficient the mean coefficient. 


EXERCISES ON CHAPTER IX. 

1. A llask containing pure water is heated by a single burner and 
oik; thermometer is placed with its bulb below the surface of the 
watt 1 !’, and another thermometer with its bulb just above the 
surface. When the water boils the; readings of the two thermo- 
meters are taken. Will tin; readings be the saint; ? 

What will be the effect on the reading of each thermometer (1) of 
placing a second burner under the flask, and (2) of dropping Rome 
common salt into the flask ? (1898.) 

2. Describe; carefully the manner in which the freezing and boiling 
points on a thermometer are determined. (1897.) 

3. Take a glass tube open at one end and having a bulb at the 
other. Hold the tube so that the open end dips into water. Heat 
the bulb gently with a spirit lamp for a minute or two, and then 
take the lam]) away. What, will Ik; observed ? How can you 
account for the facts observed ? (1\T. 1898.) 
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4. Mention conditions that should be satisfied by the bulb and 
tube of a mercury thermometer. (live the reason for each condition 
that you state. (P.T. 1898.) 

f>. I take two equal flasks, the mouths of which are fitted with 
bored corks carrying long glass tubes, and fill one with water 
coloured blue, and the other with methylated spirits coloured red ; 
I then plunge them both into t>oiling water. Explain wliat will 
take place, giving reasons. (1900.) 

fi. Describe carefully how to construct a common thermometer. 
(L.M., January, 1899.) 

7. What is meant h y coefficient of expansion? (live a method of 
finding it in the case of (a) a solid bar, (/>) a liquid. 

8. One-lifth of a bottle is filled with cold water; the bottle is 
tightly corked ; the cork is pierced by a bent tube, one end of which 
dips into the water of the bottle and tin? other into water standing 
in an open vessel. Describe the results that may be observed if the 
bottle and its contents are heated up to a temperature of 99 ‘ Centi- 
grade, and then allowed to cool. 

10. A nurse cleanses a doctor's thermometer which reads up to 
105° F. in boiling-hot water. The doctor now finds that the 
thermometer is useless. Why is this '! (Certificate, 1905.) 



CHAPTER X. 

CHANGE OF STATE, MELTING POINT, BOILING 
POINT, VAPOUR. 

Change of State. — Substances exist, in three states, namely, 
solid, liquid, and gaseous. By the action of heat a substance 
may be changed from one state to another. Wax, for instance, 
is usually a solid, but by heating it becomes a. liquid. Butter 
can in the same way easily have its state altered from solid to 
liquid. Lead and zinc are also melted when heated, but at a 
higher temperature than wax or butter. 

A good example of the changes of state produced by heat is 
obtained by heating a piece of ice until it becomes water, and 
then heating the water until it passes oil into steam or water 
vapour. Here the same form of matter is by heat made to 
assume three states ; in other words, ice, water, and steam are 
the same form of matter in the solid, liquid, and gaseous state 
res poet i vely. 

Change of state includes changes in the physical condition 
known as liquefaction or becoming liquid, and vaporisation or 
becoming converted into vapour. Thus, if we beat ice it is first 
liquefied or becomes water, and is then vaporised or becomes 


35. LIQUEFACTION. 

i. Melting point of wax.— Melt a little paraffin wax in a beaker, 
and immerse the bulb of a thermometer in the liquid. When the 
thermometer is taken out, a thin film of liquid paraffin will be seen 
upon it. Let the Imlb cool, and notice the temperature when the 
wax assumes a frosted appearance, which shows that it is solidify- 

144 



MELTING POINT, BOILING 1’OINT, VAPOUR 145 

ing. When the wax on the bulb has become solid, place the ther- 
mometer in a beaker of water anti gently heat the water. Observe 
the temperature at which the wax becomes transparent, again. The 
average of this result and the preceding one is the mtUhifj point of 
paraffin wax. 

ii. Melting* point of butter. — Place a little butter in a test-tube, 
and stand a thermometer in it. Place the test-tube in a beaker of 
water being gently heated on a sand-bath. Notice the temperature 
at which tin; butter melts. Take out the test-tube when the butter 
has all melted and let 
it cool. Notice the 
temperature at which 
it solidifies. 

iii. Melting point of 
ice. — Put son ie sm all 
pieces or shavings of 
clean ice into a beaker 
and insert a thermo- 
meter into them. Re- 
cord the temperature 
indicated. Pour in a 
little water, stir the 
mixture, and again re- 
cord the temperature. 

Place the beaker on a 
sand-bath and warm 
it gently. Notice the 
reading of the thermo- 
meter so loiuf as f/n re H»l.— An experiment to illustrate revelation. 

is (ini/ ice viiniclfrd. 

In all these cases the reading of the thermometer is practically the 
same, indicating that the temperature, of melting ice is constant. 

iv. Regelation. — (o) Press together two pieces of ice under water. 
Notice that they stick together. 

(//) Support a block of ice as in Fig. 101. Pass over tin? block a 
loop of copper wire. Hang on to the wire a 5(i lb. weight. Observe 
that the wire cuts its way through the ice and that the melted 
ice freezes again behind it. 

Temperature of melting.— When a solid is heated, the first 
effect is usually an increase of size. But if the heating is 
continued long enough, when the solid reaches a certain 
temperature, which differs with different solids, melting begins. 
The solid changes into a liquid. The temperature at which the 
melting takes place is called the melting point. Thus, when a 
lump of lead is heated, its temperature rises, it gets larger, and 
as the heating is continued it is converted into a silvery-looking 
liquid. Wax, ice, and iron are other examples of solids which 
melt. But ice, wax, lead, and iron differ very w idely in the 

L.s. i. k 
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temperatures at which they begin to melt, as the following table 
shows : 

Ice melts at- 0 *'• 

Bees- wax „ * * ‘ *>- * ■ 

Lead „ * • 

Cast-iron „ * • 

So long as an y of the solid remains un melted, the temperature 
does not rise above the melting point. You can easily satisfy 
yourself that this is tjuein the ease of ice. If you obtain some 
small pieces of clean ice, and thrust a Centigrade thermometer 
into them, you will notice that the thermometer records a 
temperature of 0° (I Or, if you put some of the ice into a 
beaker, and pour in some water, you will find after you 
have stirred the ice and water together for a little while, pro- 
vided you have put enough ice to be sure that it does not all 
melt, that the thermometer still records a temperature of 0° C. 
Even if you put the beaker, with the ice and water in it, 
over a laboratory burner and warm it gently, you will still find 
that, so long as there is any ice unnielted, the thermometer still 
reads 0° C. It is evident, then, that the temperature of melting 
ice is always the same, and remains the same so long as there is 
any ice unnielted. Moreover, to change the state of a solid, 
without changing its temperature, heat is expended. 

Regelation. — If two pieces of ice, near the melting point, arc 
pressed together they adhere. The pressure at the points of 
contact causes the melting point to fall and the ice in the neigh- 
bourhood melts. On releasing the pressure freezing again takes 
place, and the masses are joined together. This phenomenon 
is called regelation. It is in consequence of this that glaciers — 
rivers of solid ice — curve and flow like water. Fig. 101 shows an 
interesting example of regulation. 


36. VAPORISATION. 

i. Cooling produced toy evaporation.— (a) Sprinkle a few drops of 
spirits of wine, sal-volatile, or other on your hand. Notice that 
the liquid soon disappears, and that its presence in the air can he 
detected by its smell. The rate at which the liquid evaporates is in- 
creased by ivaving the hand about. Notice that the hand feels cold. 
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(b) Pour a few drops of water upon a dry piece of thin wood, and 
stand in the water a thin beaker containing a little ether. Blow 
vigorously down a tube having one end in the ether (Fig. 102), or use 
a pair of bellows. The ether rapidly evaporates, and in doinrj so 
lakes heal from i the water 
between the beaker and 
piece of wood. The beaker 
and wood become frozen 
together. 

(<•) Heat and boil water 
in a flask. By means of a 
thermometer observe the 
gradual rise of tempera- 
ture? until the water boils. 

Take the temperature at 
intervals while the water 
is boiling. Notice that it 
remains constant, though 
heat is being added all Fie. ] 02. — Experiment to show that water 
the time. may he frozen by the rapid evaporation of ether 

close to it. 

Heat is required to 

change a liquid into a vapour.— When a liquid is changed 
into vapour a certain amount of heat is used up. It does 
not matter whether the liquid evaporates or boils ; every gram 
of it requires a certain amount of heat before it becomes 
converted into vapour. In boiling, this heat is supplied 
by the flame or tire, and in evaporation it is taken from the 
objects in contact witli the liquid. The faster the evaporation 
the more quickly is heat absorbed in this way. When a liquid 
evaporates very rapidly, the cooling produced is very noticeable. 
For instance, if a few drops of either spirits of wine or ether 
are sprinkled upon the hand the liquid soon disappears and the 
hand feels cold. The heat necessary for the evaporation of 
these liquids is taken from the hand, or from any other things 
witli which they are in contact, consequently the hand becomes 
cooler and cooler as the vapour is formed. So much heat may 
be absorbed in this wav that, as illustrated by tlie experiment 
shown in Fig. 102, water can be frozen by the evaporation of 
ether in a vessel in contact with it. 

In tropical countries, where the land gets my/ hot during the 
day, evaporation takes place so rapidly after sunset that the 
water sometimes becomes so much cooled, by the extraction of 
the heat required to bring about the change from liquid to 
vapour, that the water freezes. 
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You will probably yourself have noticed that not only is the 
dust laid by watering the roads in summer, but the air is 
pleasantly cooled by the evaporation of the water. 

It has been shown by several different experiments that 
when once water has started to boil, its temperature gets 
no higher than the boiling point. So long as there is any 
water left, no matter liow much you heat it, its temperature 
remains the same. 


37. BOILING POINTS. 

i. Determination of boiling points.— (a) Put. a little methylated 
spirit in a test-tube, and gradually heat it in a heaker of water 
until the spirit boils. Find the temperature of the boiling spirit 
and of the vapour, and record the results. 

( b ) A convenient arrangement for determining the boiling point of 
a liquid is shown in Fig. Do. A can or flask F is fitted with a cork, 
through which a glass or brass tube B passes. Surrounding t his 
tube is a wider tube O, fitted upon the inner tube by means of 
a piece of thick india-rubber tubing 1). At the top of the outer 
tube is a cork K having a hole in which a thermometer can Ik* fitted. 
When the water in the flask is boiled, steam passes up the inner tube 
if, and down the wide tube C, and escapes at the outlet (J into the 
open air. 

(c) To use the apparatus, gently push the top of the stem of the 
thermometer into the cork which fits in the outer tube, adjusting it 

so that tht; 1(H)' point is just below the cork. 
Fit the cork in its place, boil the water, and 
when steam has been coming oil for about a 
quarter of an hour, raise the cork and read 
the thermometer. Repeat the observation 
after a few minutes, and when two readings 
obtained at an interval of about ten minutes 
agree, record tins observation. Determine the 
boiling points of water, turpentine, milk, beer, 
vinegar and whisky. 

ii. Vapour pressure. -(w,) Fill a long tube 
with mercury and invert it in a vessel of 
mercury (Fig. 1 ()“>). Keep this tube to show 
the pressure of the atmosphere. Pass up a 
second barometer tube three or four drops of 
water by means of a curved pipette as shown 
in Fig. Hi:>. Observe the depression of the 
mercury column and that the water has evaporated. Pass a few 
more drops of water up the* tube. Note that no further evapor- 
ation takes place and no further depression of the mercury. 



Fic. 103. — Curved 
pipette to introduce 
water into barometer 
tube. 
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Repeat the experiment with the other tubes shown in Fig. 105, 
using alcohol and ether. Tabulate your results. 


Liquid used. | 

Water. 

Alcohol. 

' 

Kthcr. 

Depression of 




mercury column. 




Temperature. 1 

i 1 




{(>) Introduce some mercury into the bent tube {A, Fig. 104). Pour 
a. little alcohol into the longer tube, and by tilting tin; apparatus 
allow the alcohol to creep round the bend until some is introduced 



Fit;. 104. — I >etermination of boiling point of alcohol. 


into the shorter tube (U, Fig. 10-4;. Place the apparatus in a beaker 
of water with a thermometer. Warm the water and read the 
thermometer at the instant the mercury stands at the same level in 
both arms of the apparatus. The reading of the thermometer is the 
boiling point of alcohol. 
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Vapour pressure and boiling point.— The apparatus repre- 
sented in Fig. 95 and described in Expt. 37 i. (/>) is used in 
the determination of boiling points. The thermometer is 

immersed in the vapour from the 
boiling liquid and is protected 
from cooling by an outer chamber 
through which is flowing the 
escaping vapour. When the tem- 
perature as indicated by the 
thermometer has become station- 
ary, its reading is taken as the 
boiling point of the liquid. At 
this temperature the vapour pres- 
sure is equal to that of the 
atmosphere. 

If a liquid is introduced into a 
vacuum it rapidly evaporates. A 
limit is however reached when, 
with the vapour in contact with 
its own liquid, evaporation ceases. 
The space is saturated with the 
vapour. That the vapour exerts 
a definite pressure can be shown 
by the apparatus represented in 
Fig. 105. The first tube on the left 
is an ordinary barometer tube, the 
remaining three have had intro- 
duced into them respectively water, 
alcohol, and ether. The water 
having evaporated into the Torri- 
cellian vacuum causes but a slight 
fall of the mercury column. The 

alcohol and the ether exert an 
Frr;. 105. Determination of vapour , i 

pressure. increased pressure. The depres- 

sion of each mercury column 
measures the pressure of each vapour at the temperature 
of the experiment. If the liquids and vapours in the tubes 
are warmed their pressures increase, and the mercury level 
falls. When each has reached its boiling point the mer- 
cury level outside and inside the tube is the same. The 
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ether will first reach this stage, its boiling point being 
lowest. 

This method of obtaining boiling points, usually employed for 
liquids which boil at a lower temperature than water, is more 
conveniently used in the apparatus shown in Pig. 104. The 
liquid, the boiling point of which is required, is introduced 
into the shorter arm of the bent tube. The apparatus is 
heated in a water bath until the mercury level is the same in 
both arms. The vapour pressure is now equal to that of the 
atmosphere. The reading of the thermometer gives the boiling 
point required. 


38. EFFECT OF PRESSURE ON THE BOILING POINT. 

i. Water boiling under diminished pressure.— Boil some water in a 
flask, and let it continue to boil for some minutes until you can he 
sun; all the air is driven out of the flask. Remove the burner and 
quickly insert a well-fitting cork. Allow the flask to cool for a few’ 
minutes, then turn it upside down on a suitable support and throw 
cold water on to the flask. Notice the water again starts boiling 
vigorously. 

Water boils at a lower temperature under diminished 

pressure.-- Pressure has a great influence on the boiling point of 
a liquid. The weight of the atmosphere at the surface of the 
earth is, it will he remembered, equal to that of a weight of 
IT) lbs. on every square inch. In studying the pressure of the 
atmosphere it was seen that its amount upon an object depends 
upon the extent of the air above the object. This pressure will 
he less at the top of a mountain than at the bottom of a mine, 
and consequently the pressure of the air will be in the former 
situation less than in the latter. If we wish to boil a liquid, 
therefore, in those eases where the pressure of the atmosphere is 
great, we shall have to heat the liquid more before the bubbles of 
vapour formed can escape at the surface of the liquid than when 
the pressure is less. If we heat the liquid more, its temperature 
will get higher before there is any conversion into vapour, and 
consequently its boiling point will he higher when the pressure 
is greater. In finding the boiling point of a liquid we must 
therefore know the pressure of the atmosphere at that time and 
place. 
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Example of water boiling at a lower temperature under 
diminished pressure. — A very simple experiment convinces us 
that water may boil at a temperature considerably below 
100° C. when the pressure upon its surface is diminished. All 

it is necessary to do is to 
take a sound cork which 
tightly fits the neck of a 
round-bottomed flask. We 
then boil some water in 
the flask and allow it to 
continue boiling for some 
minutes so that all the air 
in the flask is driven out, 
and its place taken by 
steam. The burner is then 
removed and the cork in- 
serted into the neck of the 
flask as rapidly as possible. 
After standing to cool for 
a minute or two, when, 
owing to cooling, the tem- 
perature can no longer be 

100” U. the flask is turned 

over and cold water poured upon its upturned under surface or 
a cold wet sponge is squeezed upon it as shown in Fig. 100. 
The cold water causes the steam in the flask to condense, and, 
as no air can get in, the pressure on the surface of the warm 

water is now less than it was before, and therefore the water 

is seen to boil quite briskly again. 


:\ 



Fie. ion.— Water below 100" boiling 1 under 
diminished pressure. 


39. WATER DOES NOT ALWAYS EXPAND WHEN 
HEATED. 

i. Anomalous expansion of water. — Procure 1 or construct an 
apparatus of the form shown in Fig. 107. The cylindrical hulh 
should be about 10 cm. long and 1*5 cm. in diameter, and terminate 
in a capillary tube having a bore of about 0 *f» mm. Heat the bull) ; 
and let it cool with the open end of the tube inverted in mercury. 
By this means sufficient, mercury (A/) may be introduced to occupy 
about, one-seventh the volume of the hulh. Then introduce in a 
similar way sullicient boiled distilled water to fill the remainder of 
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the 1ml b and part of the stem. A short length of oil may also he 
introduced to prevent absorption of air and evaporation. A paper 
millimetre scale is then attached to the capillary 
tube. 

Support this apparatus in a wide test-tube con- 
taining mercury, so ms to secure uniformity of 
temperature. Place a thermometer in the mer- 
cury, and support the wide tul>e containing it 
anti the apparatus in a beaker of cold water. 

Notice the position of the top of the liquid in 
the tube, and read the temperature shown by 
the thermometer. Add ice to the water, and as 
the temperature falls notice the level of the 
liquid in the tube for every degree down to 1 ° 
or 2° G. 

Then let die water in the beaker gradually 
rise in temperature, adding a little warm water, 
if necessary, and again observe the positions at 
the same temperatures as before. The mean of 
the two positions observed for each temperature 
should be taken as the true reading for that 
particular temperature. By means of squared or 
section paper, it is easy to construct a curve to 
represent graphically the observations of the 
changes of volume of water at temperatures near 
the freezing point. 

The observations, with or without t he curve con- 
strueted from them, will show the temperature at 
which the water in the apparatus has the smallest 
volume, and therefore tins maximum density. 

Changes in volume and density as water 
is cooled. — It has already been learnt that if 
the volume of a body gets greater w hile its 
weight remains the same, wliat is called the 
density of the body must get- less and less. It 
is quite clear that, if the same amount of 
matter occupies a larger space, it must be 
less closely packed into that space, and it- Fie. 107. — Ap- 
is the closeness w r it-h which matter is packed £mSiaSono?«ic 

into a space which we have learnt to call chunks of volume 
. 1 .... ""iter near the 

density. What changes in density bike place freezing point, 
when w r ater is gradually cooled ? Since it- lias 
been proved by experiments that the same weight of water 
gradually gets smaller and smaller in volume as it is cooled 
down to 4" ( ■ , we can also express the same fact in another 
way and say that its density becomes greater and greater as 
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it is cooled down to 4° C. As from this temperature it gets 
larger as the cooling is continued, its density must get less and 

less. On the contrary, if we 
begin with water at 1° C. 
and gradually warm it, the 
density steadily increases up 
to 4° C., and from that 
temperature upwards the 
density regularly diminishes. 
Because any weight of water 
has a smaller volume at 4° 0. 
than at any other tempera- 
ture, or, what is the same 
thing, has a greater density 
Fix. i os.— Changes ^i^tho^ol urn e of water at this than any other tem- 
perature, 4° C. is referred to 
as the temperature at which water has its maximum density. 

Hope’s apparatus. — An experiment with what is known as 
Hope’s apparatus shows very well that water is at its maximum 
density at 4° C. A cylinder pro- 
vided with two side necks in the 
way shown in Kig. 109 is filled with 
water at the same temperature as 
the air. Into the side necks, corks 
with thermometers passing through 
them are fitted. A freezing mix- 
ture, which can be made by mixing 
salt with pounded ice, is applied to 
the middle of the cylinder. This is 
done by filling a vessel, fixed round 
the middle of the outside of the 
cylinder, with the mixture in a way 
which the illustration makes quite 
clear. The freezing mixture, of 
course, at once cools the water in 
the middle of the cylinder. On watching the thermometers 
it is found that the first effect of the cooling is to cause the 
temperature of the lower thermometer to fall. 

The temperature of the uppej- thermometer, however, remains 
unaltered. The only way in which this can be explained is by 



Fid. 1(M). —Hope's apparatus for 
tlie observation of the tempera- 
ture of maximum density of 
water. 



y 

Centigrade. 
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supposing that as the water in the middle of the cylinder is 
cooled it gets colder and sinks to the bottom. As the cooling 
proceeds it is found that the water at the bottom of the cylinder 
never gets below 4° U. But soon after the water at the bottom of 
the cylinder has reached 4°C., the temperature of the upper 
thermometer begins to fall, and goes on getting lower till it 
actually readies 0° U. But all this time the water at the 
bottom remains at 4"C. Now it is quite dear that the densest 
water will sink to the bottom, and as the temperature of the 
water there remains at 4 ( it may be concluded that water at 
this temperature is denser than at any other. 



WATER BELOW A TEMPERATURE ICE AT SURFACE. WATER 

OF 4°C RISING TO THE TOP AT TEMPERATURE OF 4°C 


Fhj. 110.— Stages in tlie freezing of a pond of water. 

These considerations are summed up in the statement that 

water at a temperature of 4° C. expands whether it is heated 
or cooled. 

Results in nature of the peculiar expansion of water.— 

From the results of an experiment witli Hope’s apparatus, or 
a consideration of the expansion and contraction of water, it is 
easy to understand what happens when the water of a pond is 
gradually cooled on a frosty night. As the temperature of the 
water at the surface gets lower and lower, the water there con- 
tracts and is consequently denser. It therefore sinks, and its 
place is taken by warmer water from below. The same cooling 
and sinking of the surface water continues until the tempera- 
ture of the whole of the water is 4 3 0., at which temperature it 
has its maximum density, and consequently when the water at 
the bottom of the pond reaches this temperature it remains 
where it is. After the temperature of the water at the surface 
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Las reached 4°C., any further cooling causes it to expand and 
get lighter, and this result eon tin ties until 0' J C. is reached and 
the water at the surface is changed into ice, which, being con- 
siderably lighter than water, remains on the surface. Ice is, 
moreover, a very bad conductor of heat, and consequently the 
temperature of the water below the ice gets cooler very slowly, 
and the thickness of the ice increases at but a small rate. 

This condition of things prevents several disastrous conse- 
quences which would of necessity 
follow if ice were denser than 
water. If ice were denser than 
water, it would sink to the bottom 
of the pond at the moment it 
was formed, and as the frost 
continued, the ice would spread 
throughout the mass of the water, 
and not only would this result in 
the destruction of all the water 
animals in the pond, but it is 
more than probable that the heat 
of summer would be insufficient 
to melt it completely. 

Summary of results.— When 
a piece of ice at a temperature 
below 0° 0. is warmed it expands, 
like most other solids, until the 
temperature of 0° C. is reached. 

Fig. 111.— draplrie representation \ t a temperature of O' (\, we 

of tlio cliaugus of volume. and torn- 1 . 

perature accompanying changes of kllOW that it melts and changes 
Btate Of water. i Ilto water at 0" 0. While this 

change is taking place, though heat is continuously being 
added, there is no rise of temperature. The heat is used up 
in changing the state of the ice. After all the ice has been 
changed into water at 0°0., each successive addition of heat has 
two effects. First, the temperature is raised, and secondly, the 
size or volume of the water is altered. Whilst, however, the 
temperature rises regularly, the alterations in size are not 
regular ; the size of the water gets smaller and smaller to 
begin with for every degree increase of temperature. This 
is continued until the temperature of 4° (J. is reached, at which 




MELTING POINT, BOILING POINT, VAPOUR 157 


temperature the water has a smaller size than at any other, or 
is at its ma ximum density. From 4° C. onwards the temperature 
and volume increase together as the water is more and more 
heated, and this holds true until a temperature of 100° C. is 
reached, when the water boils and is changed into steam. 
When once the water has commenced to boil, the temperature 
remains at 100 J <J., or, as it is called, the boiling point of water, 
so long as any water is left. If steam is placed in an enclosed 
vessel awav from water, its temperature can, of course, be raised 
above 10(F C. : in this case, what is known as superheated steam 
would be obtained. 

40. FREEZING MIXTURES. 

A Freezing Mixture. Mix live parts of pounded ice with two 
parts of common salt, in a mortar. Place a test till it* partly filled 
wit h water in the mixture. After a few minutes the water will bo 
found to freeze. Find the temperature of the mixture with a 
thermometer. 

We have seen that melting takes place at a temperature 
which is fixed according to the nature of the solid. The heat 
used to produce the melting does not raise the temperature and 
it is therefore called latent or hidden heat. If a solid melts, 
heat is therefore absorbed, and if the heat is not supplied by a 
gas flame, for instance, it is obtained from the vessel holding 
the solid, which will consequently full in temperature. When 
salt is mixed with broken iee, the ice melts and the vessel con- 
taining the mixture, and the mixture itself, fall in temperature. 
The ice is caused to melt by being mixed with the salt. Such a 
mixture is called a freezing mixture, for it is used to freeze or to 
cool greatly substances placed in the mixture. 

Examples of freezing mixtures. 

Snow, or pounded iee I produce a Snow - - -f produce a 

Salt - - - -.i fall of 20° C. Hydrochloric Acid i fall of 42 C. 
Snow - - -I produce a j Sodium Sulphate - \ produce a 
Calcium Chloride - f fall of 4;T'C. Hydrochloric Acid I fall of 28 ’ C. 

CHIEF POINTS OF CHAPTER X. 

Melting point. — The temperature at which a solid changes into a 
liquid is called its melting point. 

The melting point, of a solid is lowered hy pressure. Two pieces 
of iee, if pressed together with sufficient- foree, become united 
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through molting and the re-freezing on the release of the pressure. 
The phenomenon is cal led regelation. 

Boiling point. -When a liquid is changed into a vapour hy the 
formation of hubbies in its interior which escape at the surface of 
the liquid it is said to boil. The temperature at which this takes 
place is called the boiling point . 

The boiling point of a liquid is always raised by an increase of 
pressure. 

Changes in volume aB water is cooled. — Water steadily contracts 
as it is cooled to 4" C. If the cooling is continued below 4°C., the 
water begins to expand, and does so until 0 C. is reached. 

The density of the water in the same circumstances increases until 
4°C. is reached, from which temperature it diminishes as the cooling 
proceeds ; 4 U C. is known as the temperature of maximum density of 
water. 

In its conversion into ice, water expands very much and with 
great force. lee expands with a rise and contracts with a fall of 
temperature. 

Freezing mixtures. —Certain solids when mixed together suffer a 
great fall in temperature. This fall is due to the absorption of heat- 
hy the mixture on liquefying. 

EXERCISES ON CHAPTER X. 

1. A vessel of water at tin*, freezing point contains two small glass 
hulbs. One is at the bottom, the other floats, but is almost wholly 
below the surface. The water is gradually heated ; soon the bulb that 
was at the bottom rises, but after a while sinks again, and remains 
sunk. What is the meaning of this behaviour? How will the other- 
bulb behave during the heating of the water? (L.C.C. Int. Sell. 19(H).) 

2. Describe how you would graduate a thermometer. Would 
any correction be necessary if you did it on the top of a mountain, 
or at the bottom of a coal mine? (Junior Oxford Local, 19(H).) 

3. What do you understand by the temperature of maximum 
density of water ? How has the temperature been determined? 

4. liy means of an india-rubber tube the steam from a boiling kettle 
is passed into a mixture of ice and water in which a thermometer is 
placed. The experiment is continued for a considerable time, the 
mixture being ke-pt. well stirred. Describe the results which may 
be observed and the behaviour of tin* thermometer. (K.S.) 

5. A few drops of water are poured into a. flask ; the flask is 
boiled for a minute or two over a spirit lamp, and then quickly 
plunged, mouth downwards, into cold water. What results may 
lie observed? Ho\v do you account for these results? What results 
will bo obtained if the flask is kept empty, but allowed to stand in 
boiling water before being plunged into tin* cold water? (K.S.) 

(>. Describe experiments which you have seen illustrating the 
conversion of (a) a solid into a gas, (/>) a liquid into a, solid, (c) a 
liquid into a gas. Describe what you have observed during eaeli 
process. [Reference to any of the forms of water must be excluded 
from your answer.] (Certificate, 1905. ) 



CHAPTER XI. 


QUANTITY OF HEAT AND ITS MEASUREMENT ; 
SPECIFIC HEAT ; LATENT HEAT. 

41. QUANTITY OF HEAT IN RELATION TO 
TEMPERATURE AND WEIGHT. 

1. Distinction between temperature and beat. — Place a can or 
beaker containing water over a burner. Place in tlie can a small test- 
tube containing water. After the can has been heated for a little 
time, observe the temperature of the water in the test-tube and 
surrounding it ; it will be the same. Take away the burner, and 
lift the test-tube out of the can. You now' have a small quantity of 
water and a larger quantity both at the same temperature ; but 
there is more heat in the large amount than in the small amount. 
Prove this by pouring the hot water from the test-tube, and that 
from the can, into the same quantity of cold water from the tap in 
separate large beakers. The large amount of hot water will thus be 
found to have a greater heating effect than the small amount ; hence 
it must have possessed more heat than the small amount. 

ii. Result of mixing hot and cold equal weights of the same sub- 
stance. — («) Put a certain weight of warm water in a beaker, and 
the same weight of cold water in another beaker. Observe tlie 
temperature of each by means of a thermometer. Pour the cold 
water into the hot. It will be found on stirring them together 
with the thermometer (taking care not to break tlie thermometer), 
that the temperature of the mixtures is midway between the two 
ori ginal temperatures. 

(b) From the observations construct a table like, the one below, to 
show that the temperature, produced by mixing equal weights of 
the same liquid at different temperatures, is equal to half the sum of 
the temperatures : 


Temperature of 

Temperature of 

A + H 

Temperature 

Water A. 

Water B. 

1 

of Mixture. 
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ill. Equality of loss and gain of heat— (a) Weigh about 200 gms. 
of cold water into a beaker, and observe its temperature. Put the 
same weight of water into another beaker ; heat it to about 4f>° C. 
Now place the beaker of hot water on your table, with a thermo- 
meter in it, and observe its temperature. When the temperature 
has fallen, to say 40 <J C., take hold of the beaker with a duster, and 
quickly pour the hot water into the cold. Stir up the mixture with 
the thermometer, and observe the temperature after mixing. Record 
your observations as below : 

Weight of cold water, - gms. 

Temperature „ - - - - U C. 

,, of mixture, - - ° C. 

Number of degrees through which the 
temperature of the cold water was 
raised, °C. 

Weight of hot water, .... gms. 

Temperature of hot water, - - - “C. 

Number of degrees through which the 

temperature of the hot water fell, - C. 

Tabulate the gain and loss of heat that occur, as shown below : 

Guilt. Loss. 

Weight of cold water. W.eight of hot water 

x its rise of temperature xits fall of temperature 

x x 

The gain will be found to be slightly less than the loss. This is 
not really the east;, and it only appears so because the amount of 
heat required to raise the temperature of the glass of the beaker 
containing the cold water has not been taken into consideration. 

(b) Repeat the experiment, using unequal weights of hot and cold 
water. Notice that in each case the weight of hot water x the fall 
of temperature is approximately equal to the weight of cold water 
the gain of temperature. The difference shows the amount of heat 
absorbed by the glass of the cold beaker. 

The amount of heat gained by 1 gram of water when its tempera- 
ture is raised 1°C., or lost when its temperature falls PC., is 
adopted as the unit quantif y of heat. 

Difference between heat and temperature. - Temperature 
is not heat ; it is only a state of a. body, for the body may be 
cold one minute and liot the next. A hot body is one at a high 
temperature, a cold body one at a low temperature. If a hot 
body and a cold body are brought into contact there is an 
exchange of lieat until they are both of the same degree of hot- 
ness or coldness, that is, at the same temperature. Hence, 
temperature may be defined as a condition or state of a body which 
is changed by the gain or loss of heat. 
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Analogy of temperature with water level.— It is well 

known that if two vessels containing water and arranged at 
different levels are connected by means of a piece of india-rubber 
tubing, there is a flow of water from the vessel of water at the 
higher level towards the vessel at a lower level. This is a con- 
sequence of a property possessed by all liquids which makes 
them, as we say, seek their own level. This flow of water con- 
tinues until the water in the two vessels is at the same level. 
Evidently this is a similar state of things to that which we 
have in the case of a hot and cold body in contact. In one 
case there is a flow of water until the level is the same in the 
two vessels. In the other there is a passage of heat until the 
temperature of the two bodies is the same. Temperature corres- 
ponds to water-level. 

Temperature changes when hot and cold liquids are mixed. 

— Temperature may be regarded as heat-level, so that a hot 
substance is at a higher heat-level than a colder one. Now 
suppose that a certain weight of hot water is put into one 
vessel and an equal weight of cold water into another. We shall 
then have equal weights of water at different heat-levels. If 
the two liquids are mixed together, the temperature or heat- 
level of the hot water will fall, and the temperature of the? cold 
water will rise. The loss of level of one will be equal to the 
gain by the other, so that the temperature of the mixture will 
be midway between the two original temperatures. Thus, if the 
weights of water are equal, and the temperatures at first arc 
()0° O. and 20° O., then the temperature of the mixture will be 
40” C. The temperature of the hot water would fall 20° C. 
and the temperature of the cold water would rise 20° C. 

The actual temperature of the mixture would be slightly less 
than the calculated temperature, because some heat would be 
lost while the liquids were being mixed. The loss may be 
regarded as a leakage of heat, and it would of course reduce the 
heat-level of the mixture in the? same way that a leak in a water- 
level apparatus would cause the level after mixing to be less 
than it- would be if the apparatus were perfect. 

Quantity of heat in water at different temperatures.— 
Quantity of heat may be measured by heating effect, so that, we 
can say that the quantity of heat in a. certain quantity of water 
depends upon the weight of the water and its temperature . For 
l. s. t. l 
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any temperature, say 60° C., we may regard the amount of lieat 
in 100 grams of water as twice as great as in 50 grams of water, 
if we imagine for the sake of simplicity that water at 0° C. con- 
tains no heat. When equal or unequal weights of water at 
different temperatures are mixed, the quantity of heat lost by 
the hot water is the same as the quantity gained by the cold 
water. The fall of temperature multiplied by the weight of hot 
water is equal to the rise of temperature multiplied by the 
weight of cold water. 

Unit quantity of heat. —Now that it has been shown that a 
substance may possess different quantities of heat, it is time to 
consider how such quantities of heat are measured. As in all 
other cases of measurement, a unit or standard quantity is 
required with which to compare quantities of heat. The unit 
quantity of heat generally adopted is the amount of heat necessary 
to raise the temperature of one gram of water through one degree 
Centigrade. This unit is called a calorie or therm. The amount 
of heat required to raise the temperature of 2 grains of water 
through 1° C. is thus 2 units or 2 c dories. Similarly, if 1 gram 
of water at 0° C. is heated in a test-tube over a burner until its 
temperature is 1° 0., it will have received from the burner 
1 unit of heat, or 1 calorie. When tin? temperature of this 1 
gram of water reaches 3° C. it will have received 3 units of heat. 
If the tube contains 10 grams of water at 0° ( ■., and its tempera- 
ture is raised to 12° C M it will have received 10 times 12 units 
of heat, the number of units being equal to weight (in grams) 
x increase of temperature (in degrees Centigrade). 

It will thus be seen that the number of units of heat taken up 
by any weight of water as its temperature rises, or the amount 
given out by any weight of water, the temperature of which is 
falling, may be found by multiplying the number of grams of 
water used by the number of degrees, as measured by a Centi- 
grade thermometer, through which the temperature rises or 
falls. This rule may be written as follows : 

Number of heat-units- weight of water in grams x number 
of degrees Centigrade through which 
its temperature rises or falls. 
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42, QUANTITY OF HEAT IN RELATION TO SUB- 
STANCE AS WELL AS TO TEMPERATURE AND 
WEIGHT. 


i. The same quantity of heat may produce different changes of 
temperature. — Weigh out equal quantities of water and turpentine at 
the same temperature in two beakers of the same size. Pour equal 
quantities of hot water at the same temperature into the cold water 
and into the turpentine. Observe the rise of temperature produced 
in each case. Though the equal amounts of hot water contain the 
same quantity of heat, the rise of tem- 
perature of the turpentine will be found 
to be more than the rise of temperature 
of the cold water ; in other words, the 
capacity of turpentine for heat is less 
than the capacity of water for heat. 

ii. Comparison of rates at which water 
and mercury gain heat. — Weigh out 
equal quantities of cold water and 
mercury at the same temperature in 
two test-tubes or flasks. Support the 
two vessels side by side at the same 
distance above a name, or in a large 
beaker of boiling water. Let them 
remain for a few minutes ; then observe 
their temperatures. The rise of tem- 
perature of the mercury will be found 
to be greater than the rise of tempera- 
ture of the water ; in other words, 
mercury gets hot more quickly than 
water under the same conditions. 



iii. Different quantities of heat in 
equal weights of different substances at 
the same temperature. — Place equal 
weights of lead and water in test-tubes 
standing in the same l>caker, and heat 


Fin. 112.— Equal weights of 
water and mercury do not he- 
roine hot at equal rates, though 
they both have the same oppur- 
tunity. 


them over a laboratory burner until the water boils ; the temperature 
of both the lead and water will then he about 100 C. Provide two 


beakers containing equal weights of cold water at the temperature 
of the room. Put the hot lead into one of these*- and the hot water 


into the other. Stir both mixtures and note the temperature in 
each ease. The water into which the heated lead is plunged is not 
at so high a temperature as that into which the hot water is poured. 

Equal weights of water at the same temperature are thus shown 
to Ihj heated to different degrees by equal weights of lead and w r ater 
at the same high temperature. 

iv. Capacity for heat. — Place some iron nails in a beaker, and the 
same weight of eohl water in another beaker. Let the two beakers 
stand for a while so as to assume the temperature of the room. 
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Boil water in a kettle or other vessel, and pour equal quantities 
into the two heakers. Observe the temperature of the mixture in 
the t wo beakers. The iron nails will bo found to be hotter than the 


water in the other beaker, because iron taken less heat to raise its 



temperature than is required by 
an equal weight of water at the 
same temperature. 

v. Heat capacity of iron and other 
metals.- (a) Weigh out about f>0 
grams of cold water and observe its 
temperature. Put into a test-tube 
an equal weight of iron tacks ; stand 
the test-tube, with a thermometer 
surrounded by the tacks, in a beaker 
of water, and boil the water 
(Fig. 1 13). Observe the temperature 
of the tacks, and when tin? water 
has been steadily boiling for some 
time, take out the thermometer 
and cool it under the tap. Quickly 
pour the heated tacks into the cold 
wa ter, and observe the temperature 
of tin; mixture. Notice that it is 
not so high as when the hot water 
is added. 


Eh;- 1 Method of beating metals 
in test-tubes for the determination of 
their capacity for heat. Each test- 
tube lias a loose plug of cotton wool 
at the top. 


Comparison of heat quanti- 
ties. - Tt has been seen that the 
quantity of heat in water depends 


upon (i.) the weight of the water, 
and (ii.) its temperature. It might be supposed, therefore, that 
as any weight of water at a certain temperature contains a 
certain quantity of beat, the same weight of another substance 
at the same temperature contains the same quantity of heat. 
This, however, is not the case. 100 grams of water at a tem- 


perature of 50° (\ always contain 5000 units of heat, 1 but 100 
grams of turpentine, mercury, lead, iron, or any other substance 
at the same temperature as the water, namely 50 tJ C., do not 
contain this number of units of beat. The quantity of beat in 
a substance thus not only depends upon the weight and the 
temperature, but also upon the substance itself. 

Capacity of water for heat. — Of all known substances, 
water has the greatest capacity for heat ; consequently a larger 
amount of heat is required to raise the temperature of a 


J Assuming for simplicity that water at 0° C. contains no heat. 
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given weight of water through a certain number of degrees 
than is needed by an equal weight of any other substance. 

Thus, suppose a pound of water be put into one flask and a 
pound of mercury into another, and that these flasks are then 
heated for five minutes by two laboratory burners, which, as far 
as we can tell, give out the same quantity of heat. The 
temperature of the two liquids at the commencement of the 
experiment is, say, 15° C. If at the end of the experiment the 
temperature of the water was 20° C., that of the mercury would 
probably be about 1S()° (!., and in order to raise the water to 
this temperature, if that were possible by this means, much 
more heat would be required. Similarly, and for the same 
reason, in cooling through any number of degrees of tempera- 
ture a definite weight of water will give out a larger amount 
of heat than an equal weight of any other substance, the tem- 
perature of which falls through the same number of degrees. 

Results in nature of the high capacity of water for heat.— 
The results in nature of this great capacity for heat which water 
possesses are important. 

Though water takes a large amount of heat to warm it and is 
consequently heated by the sun’s rays only slowly, yet when it 
cools it parts with its heat just as slowly. The effect of this on 
the climate of islands is very marked. The winter temperature 
is never very low, and the climate never very severe, because 
the water surrounding the country acts as a great storehouse, 
slowly giving up heat to the land. Similarly, the summer 
temperature is never unbearably hot, because the surrounding 
water takes so long to warm, and, being always cooler than 
the land, keeps the temperature of the latter from getting 
very hot. 

Temperatures produced by mixing various hot and cold 
substances. If equal weights of lead and water be heated to 
the same high temperature, say 100° C\, and the lead be plunged 
into a given weight of water at a lower temperature, say 20° C., 
and the hot water be mixed with another equal weight of water 
at 20° (I, and the resulting temperatures in the two cases be 
determined, it is found that the temperature of the weight of 
cold water into which the hot water was poured is higher than 
that of the equal weight of cold water into which the lump of 
lead was plunged. Hence, equal weights of lead and waiter at 
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the same high temperatures cannot give out the same amount 
of heat when cooled, because they contain unequal amounts. 
The water at 100° U. contains a larger quantity of heat than an 
equal weight of lead at 100 C., because its capacity for heat is 
greater. 

Or, if 1 lb. of water at the temperature of the air be mixed 
with 1 lb. of iron at 100° C., the resulting temperature is not so 
high as that obtained by mixing 1 lb. of water at 100° C. with 
I lb. of iron at the atmospheric temperature. This evidently 
means that 1 lb. of water at 100" C. contains more heat than 
1 lb. of iron at 100“ C., or the capacity of iron for heat is less 
than that of water. In the same way, similar experiments with 
water and mercury show that the capacity of mercury for heat 
is less than that of water. 

Comparison of capacities for heat of different metals.— 

When equal weights of water, tacks, copper- w T ire, and mercury 
at the same high temperature, that of boiling water, for instance, 
are each in turn stirred up with equal weights of cold water at 
the same temperature and in separate beakers, it is found that 
the hot water raises the temperature of the weight of cold water 
in which it is placed through a larger number of degrees than 
any of the other substances raise the temperature of the weight 
of water into which they are placed. This is because the capacity 
for hep t of water is greater than that of any of these (or any 
other) substances. 

If the temperature is observed of the mixture formed in each 
of the cases supposed, namely, tacks and water, copper-wire and 
water, and so on, and then the number of degrees through 
which each has raised the temperature of the water into which 
it was put is calculated, a series of numbers is obtained which 
enables a comparison to be made of the capacities for heat of 
each of the substances experimented with. The substances 
arranged in the order of their capacities for heat stand thus : 
(1) Iron (tacks) ; ^2) Copper- wire ; (3) Mercury ; (4) Lead. 

The amount of .ieat required to raise the temperature of one 
gram of a substance through 1° C. or the amount of heat given 
out by one gram of a substance the temperature of which falls 
through 1° O., in comparison with the amount of heat taken up 
(or given out) by an equal weight of water, is known as the specific 
heat of the Bubstance. 
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43. SPECIFIC HEAT. 

i. Specific heat of a solid. — Weigh out into a copper calorimeter 
about 30 grams of water and observe its temperature. Introduce 
into the test-tube of the steam -heater (Fig. 114) about 20 grams of 
small iron tacks. Boil the water in the heater and observe the 
temperature of the tacks. 



Take hold of the test-tube, or of the whole steam-heater, with a 
duster; (prickly pour the* tacks into the cold water, tipping the 
heater as shown in Fig. 115, and observe the temperature of the 
mixture. 


Weight of water, - 
Temperature of water, - 
,, mixture, 


•gms. 

.. C. 

. . . C. 


Number of degrees through which the tem- 
perature of the water was raised, 

Weight of iron tacks. 

Temperature ,, 

Number of degrees through which the tem- 
perature of the tacks fell, - 

The heat given out by the tacks in cooling "C. 

the weight of water x its rise of temperature 
gms. x °C. 


...gms. 

,.;c. 

. °c. 

is equal to 


calories. 


grams of tacks in falling °C. gave out calories. 

1 gram of tacks in falling °C. gives out calories. 

1 gram of lacks falling 1 0. gives out calories. 

This is tin* specific heat: required. 

No account has been taken here of the heat given to the calori- 
meter. It is equivalent to a certain extra weight of water. 
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ii. The water equivalent of a calorimeter.— Determine the weight 
iji grams of a copper calorimeter. Observe the; temperature of the 
air and consequently of the calorimeter. 

Pour into the calorimeter a convenient quantity of warm water 
at a temperature of from 35° 0. to 40° C. Enough to one-third 
fill the; calorimeter is a good amount. Notice with a thermometer, 
which you should carefully use as a stirrer, that, on pouring the 
warm water into the cold calorimeter, its temperature falls. When 
its temperature becomes stationary, which it, will soon do, record 
the temperature again. Determine; the weight of the calorimeter 
and water. Subtract the weight of the calorimeter, and so obtain 
the weight of water used. 


Weight of calorimeter, - - - - gnis. 

Temperature of calorimeter, • - - - °0. 

Weight of water, gins. 

Temperature of water, “0. 

Resulting temperature, ----- ,J C. 


The exchange of heat w hich takes place may be considered 

as follows : 

Weight of hot water x fall of temperature 

x 

calories. 

This gives the number of heat units used in increasing the 
temperature of the calorimeter by an observed number of degrees. 
Find from the; result the number of calories required to raise the 
temperature of the calorimeter through 1°C\, that is, the water 
equivalent or water value of the calorimeter. 

iii. Determination of the specific heat of solids. — Determine the 
weight of the copper calorimeter, the water equivalent of which you 
have already found. Pour in enough water to one-third fill it. 
Again weigh. Put a thermometer into the water and leave it to 
take the temperature of tin* water. When the temperature is 
stationary, record it. Weigh out about 50 grams of short pieces of 
copper win;. Heat the copper in the steam -heater provided, and 
record the temperature of the copper with a second thermometer. 
Quickly introduce the hot copper into the; cold water, stir, note; the 
rise in temperature of the water, and, w hen constant, record. 

Set, down your observations thus : 

Weight of calorimeter and water, 

,, ,, alone. 

Therefore weight of water in calorimeter, 

Water value of calorimeter, 

Total water. 

Temperature of mixture, 

,, ,, water. 

Therefore rise of temperature, - 
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Quantity of heat gained, .... calories. 

Weight of copper, - - - - - gms. 

Temperature of copper before mixing, - ' C. 

„ „ mixture, .... „ 

Therefore fall of temperature, - - - ,, 

grams of copper in falling degrees gave out calories 

gained by cold water and calorimeter ; 
then* fore 

1 gram of copper in falling degrees would give out 

calories ; 

and 

1 gram of copper in falling 1°0. would give out calories. 

The result thus obtained is the specific heat of copper. 

iv. Specific heats of liquids.— (a) Weigh a calorimeter. Half fill 
if with turpentine, and find the weight of the turpentine. Observe 
the temperature of the turpentine. Observe also the temperature of 
some boiling water. Pour Ixnling water into this turpentine ; keep 
the two liquids well stirred, and observe the temperature of the 
mixture. Find the weight of the water added. From these 
observations calculate the specific heat of turpentine. 

(b) Determine in the same way the specific heat of mercury. 

Examples of the determination of specific heats.— To 

obtain the specific heat of a substance, a convenient quantity of 
the substance is usually heated to a definite temperature and 
then allowed to give up its heat to a known weight of water. 
If losses through radiation and other causes are avoided as 
much as possible, the beat lost by the substance in cooling 
may be taken as equal to that gained by the water in having 
its temperature raised. The weight and rise of temperature 
of the water having been observed, this gain of beat, can be 
calculated by multiplying the weight of water by its rise 
of temperature. The beat lost by each gram of the substance, 
the specific beat of which is being determined, in cooling I T., 
can then be calculated, and the result is the specific heat 
required. The following actual experiment will show the 
calculation necessary. 

A weighed bunch of bronze coins were heated in a steam 
heater* (Fig. 114) until they acquired a constant temperature 
near 100° U. They were then quickly dropped into a known 
weight of water, the temperature of which had been deter- 
mined. After stirring thoroughly, the highest temperature 
attained by the mixture was observed. 



170 


LESSONS JN SCIENCE 


The following are the observations recorded : 

Weight of water and calorimeter, - - 105*15 gins. 

Weight of calorimeter, - 38*87 ,, 


Weight of water, 


66*28 


Temperature of water, 

,, warmed water, 

Therefore rise of temperature, - 


16*7" C. 
23*5° C. 

6 *8° C. 


Quantity of heat gained by the water, 
Weight of bronze coins, - 
Temperature of bronze before mixing, 
,, warmed water, 


66*28 x 6*8 calories. 
67 ‘27 gms. 

09*8° 0. 

23*5° C. 


Therefore fall of temperature of coins, - 76*3" C. 


Thus 67*27 grams of bronze in cooling 76 *3° C. gave out 66*28 v 6*8 
calories, which were gained by the water. 

Hence 1 gram of bronze cooling 76*3° C. gave out 
^calories. 

67*27 

Therefore 1 gram of bronze cooling 1° C. gave out 

66*28 x 6*8 -i . nna- i 
— — - — — — calorie = 0 08/ calorie. 

67*27x76*3 

This by definition is its specific heat. 

Specific heat of bronze =0*087. 


Water equivalent of a calorimeter.— In this calculation 
no account has been taken of the heat spent in warming the 
calorimeter. Its presence is equivalent to an extra quantity 
of water. The amount of water the calorimeter is equivalent to 
is called its water value. The following is an actual experiment 
made to determine this. 

A calorimeter was taken, weighed, and placed in cotton wool 
in a large beaker. It was then partly filled with a. weighed 
quantity of cold waiter. Into this was poured a quantity of 
warm water, and the whole stirred until a constant tempera- 
ture was reached, which was observed. 

Temperature of cold water, - - - 14*6° C. 

,, warm ,, - - - 63*0" C. 

,, mixture, - - - 34*7° C. 
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Therefore fall of temperature of warm water, 28*3° G. 

And rise of temperature of calorimeter 

and cold water, 20*1° C. 

Weight of calorimeter, .... 38*87 gins. 

,, ,, and cold water, - 90*33 ,, 

,, ,, and mixture, - 129*76 ,, 

Therefore weight of cold water alone, - 51 *46 ,, 

And „ warm water alone, - 39*43 ,, 

Therefore the heat given out by the warm 
water, 39*43 x 28*3 calories. 


This would raise the temperature of 39*43x28*3 grams of water 
through 1° C. 

Therefore this would raise 39 28 3 = 55 *5 grams of water 

through 20*1° C. 201 

It actually raised 51*46 grams of water through this temperature. 
The calorimeter was therefore equivalent to 

55*5 - 51 *46 = 4*04 grams of water. 


Therefore water value of the calorimeter = 4 *04 grams. 

This result can now be applied to improve the calculation of 
specific heat in the first experiment. 


Weight of calorimeter and water, 
„ „ alone;, - 

Weight of water in calorimeter, 
Water value of calorimeter, 


105*15 gms. 
38*87 „ 

66*28 „ 

4 04 „ 


Total water, 


70*32 


»» 


Temperature of warmed water, 
„ water, - 

Therefore rise of temperature, - 


23*5° 0. 
16*7° 0. 

6 *8° C. 


Quantity of heat gained, - 
Weight of bronze coins, - 
Temperature of bronze before mixing, 
,, ,, in water. 

Therefore fall of temperature. 


- 70 '32 x 6*8 calories. 

67*27 gms. 

- 99*8° 0. 

- 23 *5° C. 

- 76*3“ C. 


67*27 grams of bronze in falling 76*3 degrees gave out 70*32 x 6*8 
calories. 

Therefore 1 gram of bronze in falling 76*3 degrees would give out 


70.32 x fi'^(;;iloi'i 0 6. 
67 "27 


And 1 gram of bronze in falling 1° C. would give out 

V? ^ x ® 8 calorie =0*0‘ Vi calorie. 

67*27 x 70*3 

The result thus obtained is the specific heat of bronze. 
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44. LATENT HEAT. 

i. Heat required to melt ice. — (a) Lot a few lumps of ice stand in 
a beaker until some of them have melted. Notice that the tempera- 
ture is 0° C. Counterpoise two empty beakers of the same size in 
the pans of a balance, and put a small lump of the ice into one, and 
the same weight of water from the melted ice in the, other. You 
have thus equal weights of ice and water at 0° 0. Pour equal weights 
of hot water into the two beakers. When the ice is melted, observe 
the temperature of the water in each beaker. The temperature of 
the water in the beaker in which the ice was placed will be found 
much lower than that of the water in the other beaker, owing to the 
ice using up a large quantity of the heat in melting into water. 

(b) Take equal weights of hot water in two large beakers of the 
same size. Place a piece of ice in one of the beakers, and observe 
the temperature of the water when it has melted. Pour ice-cold 
water into the other beaker until the same temperature is reaehed. 
Find the weights of ice and ice-cold water which have been added. 
It will be; found that a small weight of ice lias as much cooling 
effect as a large weight of ice-cold water. 

ii. Heat required to melt one gram of ice. -Weigh about 300 gms. 
of warm water into a beaker, and observe its temperature. Put a 
few small pieces of ice into the water, stir them round with the 
thermometer, and, as soon as they have molted, again observe tin; 
temperature of tin 1 water. Now make another weighing, and find 
out by subtraction the weight of the ice added. From these results 
calculate in the way shown on p. 173 the number of heat units 
required to melt one grain of ice. 

Latent heat. — The experiments which have just been 
described are of the greatest importance, and should be 
understood clearly. It is certain that when a mixture of 
ice and water is heated over a laboratory burner, heat is 
being continually given to the mixture. Yet the tempera- 
ture as recorded by the thermometer gets no higher. The 
question arises, wliat becomes of this heat, as it lias no effect 
upon the temperature of the mixture ? The ice is gradually 
melted, and if the heating is continued long enough it is all 
changed into water. A s soon as this has happened, every 
further addition of heat raises the temperature of the water. 
These considerations lead to the conclusion that the heat pre- 
viously given to the mixture is all used up in bringing about 
the change of ice into water. Further, it is found that not only 
in the case of ice, but v^en any solid is turned into a liquid, 
there is no increase in temperature, even while heat is being 
added, until the whole of the solid has been changed to a liquid. 
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This amount of heat which is necessary to change a solid into 
a liquid is spoken of as latent heat. The word latent comes from 
a Latin word, meaning “lying hidden,” and refers to the fact 
that the heat used up in changing a solid to the liquid condition 
has no effect upon a thermometer, but appeals to be hidden 
away in the liquid. 

How the latent heat of water is measured.— To find out 
how many units of heat are required to melt a gram of ice, 
we mix together known weights of warm water and ice, the 
temperature of both being known, and then record the tempera- 
ture of the mixture at the instant the last piece of ice dis- 
appears. The facts which in this way become known are as 
follows : 

i. Weight of warm water in grams, 

ii. Weight of ice in grams. 

iii. Temperature of warm water. 

iv. Temperature of the ice. 

v. Temperature of the mixture at the instant the ice finally 

disappears. 

vi. Number of degrees through which the temperature of the 

water falls. 

The observations can be used to determine what number of 
heat units have been lost by the water, and what number have 
been gained by the ice and by the water into which the ice is 
changed as it melts. 

The loss of heat is at once calculated by knowing that the 
temperature of a certain number of grams of water has fallen 
through a given number of degrees, and if these numbers are 
multiplied together the result shows the number of units of 
heat lost by the warm water. 

The gain of heat consists of two parts ; first, the number of 
units of heat necessary to melt a known number of grams of 
ice, and this number we do not. know. Secondly, the number 
of units of heat, required to raise the temperature of the water 
at 0° C. (formed by melting a known number of grams of ice) 
up to the temperature of the mixture. This number of units of 
heat can be found by multiplication. 

We also know that the total loss of heat and the total gain of 
heat are equal. Consequently, it h^jild be plain that the 
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difference between the two known results thus obtained tells 
the number of units of heat used up in melting the ice. 

Latent heat of water. — The number of units of heat which 
are required to change the state of a gram of ice, converting it 
from the solid to the liquid condition, without raising its 
temperature, is called the latent heat of water, or the latent 
heat of fusion of ice. To melt one gram of ice requires 80 beat- 
units. That is to say, as much heat as would raise the tem- 
perature of a gram of water through 80 ’ C., or would raise the 
temperature of 80 grains of water through 1° C., is used up in 
changing a gram of ice into a gram of water at the same 
temperature. Similarly, to melt 1 lb. of ice requires as many 
hcat-nnits as are necessary to raise the temperature of 1 lb. 
of water from 0° C. to 80" C., or as much heat as is wanted to 
raise the temperature of 80 lbs. of water through one degree 
Centigrade. 

Natural consequences of the latent heat of water.— Just 
as it is necessary before a pound of ice can be changed into a 
pound of water to supply an amount of heat which would raise 
the temperature of a pound of water through 80° 0., so before 
a pound of water can be changed into a pound of ice, we must 
take from it precisely the same amount of heat. This is why it 
requires several cold nights to cover a pond with ice, for not 
until every pound of water at the surface has had this huge 
amount of heat taken from it can it change into ice. For just 
the same reason, it takes a very long time to melt completely 
the snow in the roads and the ice on the ponds, even after a 
thaw has set in. 


45. HEAT ABSORBED IN THE CONVERSION OF 
WATER INTO STEAM. 

Latent heat of steam. — Arrange a flask wit h the connections sliowm 
in Fig. 116. The short length of wider glass tube is a trap to catch 
condensed steam. Put some water into tin; flask and boil it. 
While the water is getting hot, weigh out about 300 grams of water 
in a beaker or a thin metal vessel, and observe its temperature. 
After steam has been issuing from the glass tulw; for a few minutes, 
place the vessel so that the end of the tube is well under the 
water, and let it stav there until tin; thermometer records a 
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temperature of about 40° C. Then weigh the water again to find 
the weight of steam condensed. Enter the observations as 
follows : 


Weight of wnXer - - gins. 

Weigh t of water + weight 

of condensed steam gms. 

Weight of condensed 

steam - - - gms. 


Temperature of water 

at beginning - °C. 

Temperature of water 

at end - - - 0 C. 

Rise of temperature - °C. 



Fir.. 110.— Apparatus for determining the heat given up when steam 
condenses into water. 


As before, the changes of temperature can be arranged under two 
heads : 


(Jain. 


Loss. 


The temperature of gms. 

of water was raised through 

0 G. The quantity of heat 

used equals weight of water x 
rise of temperature. 

= heat units. 


gms. of steam were con- 
densed to water at 100° C. 

The temperature of gms. 

nf water at 1 UO C. fell to °C., 

that is, through °C.,and the 

quantity of heat thus given up 
equals weight of condensed steam 
(water) \ fall of temperature, 
i =* heat units. 


Find the number of units given out by. 'J 1 gram of steam at 100° C, 
in condensing to water at 100° 0. 
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Latent heat Of steam. —Ifc is familiar now from many 
experiments that heat is required to convert water into steam. 
After what has been learnt about the latent heat of water, you 
will have no difficulty in understanding the reason for this. 
All the heat is absorbed, or used up, in bringing about the 
change from the liquid state to that of vapour. It requires a 
great many more heat-units to convert one gram of water at a 
temperature of 100° C. into steam at the same temperature, 
than it does to change a gram of ice at 0° C. into a grain of water 
at 0° O. Whereas to bring about tlie latter change requires an 
expenditure of 80 heat-units, to convert a gram of water at 
100° O. into a gram of steam without changing its temperature 
requires no fewer than 536 heat-units. Thus the latent heat 
of steam, or as it is sometimes called, the latent heat of 
vaporisation of water, is 536. Expressed in another way, we 
may say that it requires as much heat as would raise the 
temperature of 536 lbs. of water through 1° 0. simply to bring 
about the change of one pound of water at 100" C. into one 
pound of steam at the same temperature. It must also be 
remembered that a liquid is never changed into a vapour 
without some absorption of heat. This is true whether the 
change takes place quietly in evaporation or rapidly as in 
boiling. 


Brass, - 
Gas coal, 
Copper, 
Glass, crown. 
Gold, flint, ■ 
Iron, - 


Specific heats. 


. 

0*0039 

Lead, - 

. 

. 

- 0*0315 

- 

0*3145 

Marble, 


. 

0*2158 


0*0933 

Paraffin, 


. 

- 0*622 

- 

0*161 

Steel, - 

. 

- 

- 0*118 

- 

- 0*117 

Sulphur, 

- 

- 

- 0*234 

- 

- 0*1124 | 

Zinc, 

- 

- 

- 0*0935 


Melting points and latent heats of fusion. 


Mki.tjnu Point. 


(f(\ 

62 


11 HAT. 


Ice, - 
Beeswax, 


70 ‘2 
423 
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Boiling: points and latent heats of vaporisation. 



JtoiuMi Point. 

I.ATKNT ] I K A T. 

I 

Steam, ----- 

100 1 c. 

536 

Alcohol, - 

7s 

205 

Turpentine, - - - - 

lot) 

74 

Sulphuric acid, 

338 

! 

Hydrochloric acid, - 

110 

— 

Nitric acid, - 

86 

— 

Glycerin, 

200 

— 


CHIEF POINTS OF CHAPTER XI. 

Temperature may be defined as a condition, or state, of a body 
which is chunked l\v tlie gain or loss of heat. It corresponds to 
water-level, and may lie regarded as heat-level. 

The unit quantity of heat is the amount of heat necessary to raise 
the temperature, of one gram of water through one degree Centi- 
grade. This unit is railed a therm, or a ealorh . 

The mi in her of heat-units taken up or given out l»y a quantity of 
watt 1 !' being heated or cooled is equal to the weight of water in 
grams x number of degrees Centigrade through which its temper- 
ature rises or falls. 

The capacity for heat of a substance is analogous tc the capacity 
of a vessel for fluids. Water has a great it capacity for heat than 
any other substance. Its high capacity for heat has a beneficial 
influence on the climate of islands. 

In determining the number of heat-units lost or gained by a 
substance, its capacity for heat must he taken into account as well 
as its weight and its temperat ure. In fact : 

Number of heat-units = weight of substance x its rise or fall of 
temperature x its capacity for heat. 

The specific heat of a substance may he defined as the amount of 
heat required to raise the temperature of one gram of the substance 
through 1°C. Or, the amount of heat given out by one gram of a 
substance, the temperature of which falls through ]"C., in com- 
parison with the amount of heat given out by an equal weight of 
water, the temperature of which falls through T O. 

Latent heat.— The heat used up in changing a solid into a liquid, 
or a liquid into a gas, without change of temperature, is known as 
latent heat . 

Latent heat of water. -The number of heat -units required to con- 
vert one gram of ice at 0 l (\ into water at t he same temperature is 
known as the latent In at of water. Its numerical value is 80. 

1-.S. I. TNI 
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Latent heat of steam.— The number of heat-units required to 
change one gram of water at 100 J C. into steam at the same tem- 
perature is known as the latent heat of ateam. Its numerical value 
is 530. 


EXERCISES ON CHAPTER XI. 

1. One hundred grams of boiling water are poured upon one 
hundred grams of ice. What results may be observed? (P.T. 
100 * 2 .) 

2. Four ounces of hot lead filings and four ounces of water at the 
same temperature are poured upon separate slabs of ice. Will the 
lead or the water melt 1001*0 ice? (live reasons for your answer. 
(P.T. 1897.) 

3. A 11 ounce of water at 0” C. is mixed with ten ounces of water at 
70" C. What is the temperature of the mixture? 

An ounce of ice is dissolved in ten ounces of water at 70 ,J 0., and 
the temperature of the mixture is found to be something over 50" C. 
What can be learnt from this experiment? (P.T. 1898.) 

4. Suppose that if requires 80 times as much heat to melt one 
toil of ice as would he required to warm one ton of water one degree 
of temperature on the centigrade scale, how much of the ton of ice 
would be melted by pouring into a cavity in its surface a gallon of 
boiling water? (A gallon of water weighs 10 lbs.) (L.M. Jan., 

1899. ) 

5. How would you propose to prove by experiments that to boil 
away a gallon of water requires about 5.\ times as much heat as is 
needed to raise it from the freezing to the boiling point? (L.M. 
Jan., 1899.) 

9. A silver tea-pot weighs 300 grams. One gram of silver 
requires as much heat to warm it as would lie required by 0*056 
gram of water to warm it equally. The tea pot contains ‘20 grams 
of tea-leaves, and each gram of tea-leaves requires as much heat 
to warm it as would sullice to warm equally 0*5 gram of water. 
If 600 grams of boiling water be poured into the tea-pot,, calculate 
the highest temperature of the tea, assuming that Ini -put and 
tea-leaves were originally at a temperature of 15" C. (L.M. Jan., 

1900. ) 

7. Bv what experiments would you show that different amounts 

of heat are absorbed when equal masses of different substances are 
heated through the same range of temperature ? (L.M. Jan., 1901.) 

8. By what experiments could you slmw {a) that copper conducts 
heat better than iron ; {b) that iron gives out more heat than an 
equal mass of copper would do in cooling through the same given 
range of temperature ? (L.M. Jan., 1901.) 



CHAPTER Xii. 

TRANSFERENCE OF HEAT. 


46. TRANSFERENCE OF HEAT. CONDUCTION. 


i. Relative conductivities of me 

copper, iron, brass, German silve 
able. Lot the diameters be the 
the lengths about 15 or 20 cm. 
Place the wires upon a clay tile 
or other suitable support, as 
shown in Fig. 117. Support the 
tile in a horizontal position and 
heat the wires with a flame 
where they meet. After a few 
minutes slowly move a safety 
match along each wire in suc- 
cession, commencing at the ends 
away from the flame, and notice 
the points at which the matches 
will light. Repeat the experi- 
ment several times ; then take 
away the flame and measure the 
distance of these points from 
the heated ends. Find the 
average distance for each wire. 

Make a list of these dis- 
tances in order of magnitude 
putting beside each measure- 
ment the substance to which 
it refers. Note what this order 


I. — Obtain wires or strips of 
r, and of any other metals avail- 
same as nearly as possible, and 



Flo. 117. — Experiment, to illustrate 
le conduction of different metal 
ires. 


suggests as to the relative conductivities of the substanees. 

ii. Lowering of temperature by conduction.-— (a) Make a short coil 
of stout, copper wire £-inch internal diameter. Pass it over the 
wick of a candle without touching the wiek. The candle is extin- 
guished. Is the flame simply miiilled out ? Convince yourself as to 
what really happens. 
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(b) Turn on, blit do not light, a gas jet. Hold over it a wire 
gauze, and light the gas above the gauze. Notice that the flume 
does not strike through (Fig. 1 IS). Why? Nary the experiment 




9 



Fir,. US.— To illustrate Exj>t, 3s»fi. (!>). Fu,. I is*.— To illustrate Exj>f. :i:» ii. (h). 


by lowering a piece of cold wire gauze upon an ordinary Hansen 
flame. What happens ? (Fig. 110.) 

(r) Wrap a piece of paper smoothly round a brass tube and bold 
in the flame of a gas burner. The paper is not scorched. Wrap 
tin? paper around a wooden rod of the same size, and heat as before : 



J*w.m — Experiment to illustrate 
the different conductivities of wood 
aud metal for heat. 



Jif:. 121.— Illustration of the fact 
that water is a bad conductor of 
heat. 


the paper is scorched (Fig. 1*20). Brass is a good conductor, wood 
.. a I KM,r on<; - How does this explain what, you have noticed ’ 
m Water is a bad conductor of heat.- Fill a test-tube three- 
quarters lull with cold water, and having weighted a small piece of 
ice by winding wire, round it, or in some other way, drop it into the 
test-tube Hold the test-tube near the bottom where the piece of 
ice is, and warm the top of the water in a Bunsen flame, as shown in 
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Fig. 121. The water at the top ean he heated until it boils 
vigorously and yet the ice is not melted. Why has the ice received 
insufficient heat to melt it ? 

iv. Gases are bad conductors of heat. — (a) Examine the shadow of 
a ml-hot poker. Notice that the heating of the air as exhibited by 
its ilickering extends but a little way downwards, thus showing that 
air is a bad conductor of heat. 

(b) Place a little lime in the palm of the hand and bring the point 
of a hot poker upon it. The air enclosed in the lime does not con- 
duct the heat of the poker, so the hand is not burnt. 

Conduction of heat. — Heat may pass from one particle of a 
body to the next, travelling from the hotter to the colder parts, 
and causing no visible motion of the particles of the body. 
This inode of transference is called conduction, and is the pro- 
cess by which solids are heated. J>y touching a succession of 
things in a room, say the marble mantel-piece, the fender, the 
back of a chair, the hearth-rug, we obtain a succession of sensa- 
tions ; the first two we say are cold, the chair-back not quite so 
cold, while the rug feels quite warm, and yet they are one and 
all under the same conditions and there is no reason why they 
should not be at the same temperature. The explanation of these 
dill'cront sensations is really simple. Tn all those cases where 
the hand reccin'* heat we feel the sensation of warmth, while in 
those where the hand (fives oat heat we say the tiling is cold or 
cool. Now it can be seen wliy the fender feels colder than the 
hearth-rug. The fender takes more heat from the hand than 
the hearth-rug, and it does so because it is a better conductor 
of heat. 

It is worth while to consider this expression a little. Put one 
end of a short metal rod in a. fire and hold the other. Soon the 
rod begins to feel warm, and as time goes on it gets warmer 
and warmer, until at last it can be held no longer. Heat has 
passed from the fire along the rod, or has been conducted from 
the fire by the rod. 

The process by which heat passes from one particle of a body to 
the next is called conduction, and the body along which it passes is 
known as a conductor. 

Good and bad conductors. — Those substances which easily 
transmit beat in this way are called good conductors, while those 
which oiler a considerable amount of resistance to the passage 
of heat are called bad conductors. 
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Metals are, as a rule, good conductors of heat, but some metals 
conduct heat better than others. 

Most liquids are bad conductors of heat, though quicksilver, 
being a metal, is an exception. If liquids were heated only by- 
conduction, water would boil throughout just as quickly when 
the source of heat was placed in contact with the top layer of 
liquid as it does when the heating takes place from below. 

Gases are even worse conductors of heat than liquids. In 
reckoning the conductivities of solids the proportion of heat 
carried by the air may be neglected. It is very small. 

Everyday uses of bad conductors. To keep ice in the warm 
days of summer the custom is to wrap it up in flannel and put 
it into a refrigerator. The flannel, because of its loose texture, 
encloses a quantity of ail', which, being a bad conductor of heat, 
prevents the passage of heat from the warm outside air to the 
cold ice inside. Similarly, ice which 
has to be conveyed by rail or boat is 
packed in sawdust. 

The refrigerator itself, too, depends 
upon much the same facts. The 
common form consists of a double- 
walled box with a space between tlio 
walls. This is either left “ empty,” 
as it is called when it is full of air; 
or, it is filled with some other bad 
conductor, such as the mineral sub- 
stance asbestos. 

If we wish to lift a hot plate we 
hold it with a folded (doth which does 
not readily conduct heat. Cylinders 
of engines are sometimes encased in 
a packing of some badly conducting 
material in order to prevent loss of 
heat. 

47. CONVECTION. 

i. Convection in a liquid. — Kent over 
a small flame around-bottomed flask full 
of water, as in Fig. 122. Throw into 
the water some solid colouring matter, like coehineal, aniline dye, 
litmus, etc. Notice how the hot, coloured water ascends. 



Flo. 122.— Convection currents 
in water. 
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ii. Convection currents in gases. — (a) Place a short piece of candle 
in a saucer, light it, put a lamp glass over it, and pour sufficient 
water into the saucer to cover the bottom of the lamp glass (Fig. 123). 
Watch how the light of the candle is affected. Next cut a strip of 
card less than half the height of 
the lamp glass, and nearly as wide 
as the internal diameter of the top. 

Insert the card into the lamp glass 
so as to divide the upper part into 
halves. Now light the candle 
again, and see whether it will burn 
with the divided chimney over it. 

Test the direction of the currents 
of air at the top of the chimney 
by holding a smoking taper or 
match over it. 

Process by which liquids are 
heated. — The process by which 
water and other liquids are 
heated may be studied easily 
by beating water into which 
some solid colouring matter, like 
cochineal, aniline dye, litmus, etc., 
has been thrown, in a round- 
bottomed flask over a small 
flame as in Fig. 122. The water nearest the flame gets heated, 
and consequently expands and gets lighter. It therefore rises, 
and causes a warm ascending eurrent of coloured water. Hut 
something must take the place of this water which rises, and the 
cold water at the top, being heavier than the warm water, sinks 
to the bottom and occupies the space of t lit* water which has 
risen. This water in its turn gets heated and rises, and more 
cold water from the surface sinks. Upward currents of heated 
water and downward currents of cool water are thus formed, 
until by-and-bv the whole of the water is heated. These 
currents are known as convection currents, and the process of 
heating in this manner is called convection. Eventually the 
whole of the water gets so hot that the bubbles of vapour 
which are formed near the source of heat are not condensed 
again in their upward passage through the liquid, and coming 
to the surface they escape as steam. 

Gases arc similarly heated by the process of convection, which 
may be thus defined : Convection is the process by which fluids 



Fr<;. 123. — Convection eunvnt.s in 
tfasrs. 
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(liquids and gases) become heated by the actual movement of their 
particles due to difference of density. 

Ventilation. — Tile ventilation of ordinary dwelling rooms is 
easily possible because of the way in which gases become heated 
by convection. The air in a room becomes warmed and is 
rendered impure at the same time. Consequently there is a 
tendency for the impure air to rise, and if a suitable place near 
the ceiling is made for it to get out, as well as a place near the 
floor for the colder, purer air from outside to enter, a con- 
tinuous circulation of air is set up which will keep the atmo- 
sphere of the room pure and sweet. 

To show convection currents in air, place a short piece of 
candle in a saucer, light it, put a lamp glass over it, and pour 
sufficient water into the saucer to cover the bottom of the 
lamp glass (Fig. 123). In this ease the light of the candle is 
affected and eventually goes out. But if a strip of card is 
cut less than half the height of the lamp glass, and nearly 
as wide as the internal diameter of the top, and is inserted 
into the lamp glass, so as to divide the upper part into halves, 
and the candle is again lit, it will be seen to continue to burn 
with the divided chimney over it. The simple change has 
secured a well directed current of air which feeds the flame. 
The direction of the current through the top of the chimney can 
be shown by holding a smoking taper or smouldering brown 
paper over it. 


48. RADIATION. 

i. Heat transmitted by radiation.— (a) Place the; differential thermo- 
meter (Fig. 90) about a foot away from the flame of a laboratory 
burner so that both its arms and the Haim; are in one straight line. 
Notice that the bulb of the thermometer nearer to the flame is 
hotter than the one more remote. How does the heat of the llumo 
travel to the thermometer ? 

(h) Arrange the bulbs of the thermometer a foot above the flame 
and observe that the nearer bulb is warmed much more than before. 
The bulb in this east; is heated by convection as well as radiation. 

(r) When you have an opportunity, focus the rays of the sun 
upon the back of your hand by means of a reading glass. This can 
be done by placing the muling glass between the sun and the hand 
and moving the glass until the brightest i magi', of the sun is obtained. 
Notice that the heat is very intense and burns you. Notice that 
the fdass itself is not heated to the same extent. 
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ii. Effect of surface upon radiation and absorption.— (a) Obtain two 
small bright tin cans or canisters, and fit into each a cork having a 
hole through which a thermometer will pass. Cover the outside of 
one of the vessels with lamp-black by holding it over a candle or 
luminous gas flame, or over burning camphor. Put the same 
quantity of hot water at the same temperature in each, and then 
cork up the vessels, each cork having a thermometer through it so 
that the bulb is well immersed in the water. Observe; the tempera- 
ture of each vessel of water, and if the temperature of one is higher 
than that of the other, cool the vessel until the temperatures are 
equal. Then put tin; vessels in a cool place where then; are no 
draughts, and after 20-30 minutes again read the temperatures. 

The blackened vessel will be found to have lost or radiated more 
heat than the bright one. 

(/>) Similarly pour equal amounts of cold water of the same tempera- 
ture into a blackened and a bright vessel, and hang them for 20-30 
minutes before an even lire or closed stove, or at the same distance 
above an iron plate, supported on a tripod stand and heated by a 
laboratory burner so that they may be in a position to receive heat 
equally. At the end of this time observe their temperatures. Tin; 
blackened vessel will lie found at a higher temperature than the 
bright one. Which vessel absorbed more heat? Compare with the 
vessel which radiated more in the last experiment. 

Radiation of heat. —The fact that you feel warm in a 
summer sun, or that bread can be “toasted” by bolding it 
near the fire, is sufficient to convince you that beat can travel 
from one place to another in a third way which is neither con- 
duetion nor convection. The respects in which radiation differs 
from the other ways in which beat moves from one place to 
another are : 

(1) it travels in straight lines, and 

(2) it does not warm the medium through which it travels. 

Although you may not have thought of the fact that radia- 
tion travels in straight lines, you have made use of it. when you 
have screened your face from the heat of the sun or of a fire. 
When you wish to protect yourself from the glare of the 
summer sun you seek a shady space because then some object, 
it may be a tree or a house, is in the straight line between you 
and tin; sun. 

Curtains have sometimes been burnt by the sun’s rays being 
concentrated upon them by a bottle of water, though the water 
is not warmed much bv the passage through it of the radiations 
from the sun. Evidently, then, the water in such a case does 
not pass on its heat after first becoming warm itself. It 
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does not act as a conductor. Yet something must pass 
through it which can make bodies hot. This something is 
called radiation. Jts nature is simply a wave motion in 
the medium through which the rays pass. This medium is 
known as “ether,” but it is in no wav connected with the 
liquid ether used for scientific purposes. The ether is little 
more than a name, for, though something must exist to 
transmit waves of light and heat, nothing is certain as to 
its constitution. 


49. DEW. 

i. Condensation of moisture. — (a) Breathe on various cold objects 
sucli as a. mirror or polished metal. Note what happens. 

(h) Bring a glass of cold water into a warm class-room. Observe 
the dull film of moisture deposited on the glass. 

(c) Does dew form on one species of plant more than another, or 
on any one part of a leaf in particular ? 

(c/)’ Choose a clear, still evening, and arrange stones, pieces of 
slate, and sheets of paper on grass ; examine them the next morning 
as soon after sunrise as possible. Which surface, the under or the 
upper, is more bedewed ? 

(e) Invert a few tumblers, earthenware jars, etc., some on grass 
and some on soil, both on clear nights and on cloudy nights. As in 
the last exercise, examine thorn as soon after sunrise as possible. Is 
there a deposit of dew inside the jars, etc. ? 

(/) Repeat the last exercise, but place the jars, etc., on metal 
plates, slates, or tiles. Examine the inside and outside of the jars, 
etc., as before, and record the results. 

Dew. --Dew differs from the forms of condensed moisture seen 
in mists, clouds, rain, and snow, in being formed vpon the 
surface of the earth. After sunset, the surface of the earth, 
which has been receiving heat throughout the day, begins to 
radiate this heat in the manner already described. Different 
parts of the earth possess differing powers of radiation. Those 
which during the day absorb heat to the greatest extent 
radiate it most abundantly after the sun has disappeared, and 
consequently become cooled before those the radiating power 
of which is small. Similarly, the air in contact with these 
bodies also becomes cooled and is then unable to hold as much 
water vapour as before and the surplus is deposited in the 
form of dew. 

For an abundant formation of dew several conditions are 
necessary. First, radiation must go on freely, and this happens 
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on bright clear evenings when there are no clouds to obstruct 
the radiation. The air which is being cooled by contact with 
the body from which free radiation is taking place must not be 
disturbed before the dew-point is reached, or no dew will be 
thrown down, that is, the evening must be still. A breeze will 
constantly renew the air above the body which is being cooled 
by radiation and will prevent the dew-point being reached. 
Good radiating surfaces are those of leaves — whether of grass 
or other plants — also stones. 

Side by side with this simple condition of things another 
process is going on which considerably augments the amount 
of dew formed. Throughout tlieir life, plants continually 
give off water in the form of vapour, which is exhaled 
through the numerous apertures spread over their leaves, 
especially the under surfaces. This process, which is known as 
transpiration , supplies a very large amount of water vapour to 
the air. When the cooling referred to above lias gone on for 
some time, and the dew-point lias been reached, the transpired 
moisture, instead of diffusing into the atmosphere in the state 
of vapour, is condensed at the stomata , as the little apertures 
are called, as soon as it comes into contact with the cooled 
air. Thus all the dew is not obtained directly from the 
atmosphere. 

Hoar-frost -or as it is sometimes called white-rime or simply 
rime — is deposited instead of dew on those evenings when the 
radiation cools the overlying air to the temperature of freezing 
water before any deposition of moisture takes place. Hoar- 
frost is not frozen dew. It does not first assume the liquid 
condition, but is precipitated at once in the solid form. In 
these circumstances the dew-point is at or below the freezing- 
point. 


50. DETERMINATION OF THE DEW-POINT. 
HYGROMETERS. 

i. Mason’s hygrometer. — Take two precisely similar unmounted 
thermometers. Simply hang one from a siruible support, such as 
the ring of a retort stand. Cover the hull) of the other with a square 
of muslin tied up round it to form a hag. The muslin is host tied 
just above the hull) by a piece of thread. To this piece of thread 
attach several other long pieces of thread and let them dip into 
a glass of water. When the muslin has become thoroughly damp, 
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compare the readings of the two thermometers (Fig. 124). Notice 
that the temperature recorded by the one with the wet muslin 
round it is lower than that shown by the other. 

The two thermometers used in this way form what is known as a 
hydrometer, or a wet- and dry-hu/h thermometer. 

ii. Regnault’s hygrometer.— Fit up a large test-tube in the manner 
shown in Fig. 125 where a is a right-angled glass tube; which dips into 
some ether in the test-tube ; h is a second glass tube bent at right 
angles, which just passes through the india-rubber stopper; c is a 
delicate thermometer dipping into the ether ; d is a piece of india- 



Fn;. 124.— The bulb of ouo thermometer is 
kept moist, and the evaporation of this 
moisture causes this thermometer to show 
a lower temperature than the other. 



Flu. 12ft.— Experiment to 
illustrate the action of Reg- 
nault’s hygrometer. 


rubber tubing attached to the tube a. A second thermometer is 
supported in the neighbourhood of the apparatus for recording the 
temperature of the air. Blow through d. This causes the ether to 
become vaporised, the vapour escaping through h. This vaporisation 
is elfected at the expense of the beat in tin; test-tube, which 
consequently l>ecomes cooled, and after a time moisture is found to 
be deposited on the outside of the test-tube. At the instant such 
deposition occurs read the thermometer e. Stop blowing and read 
the temperature, agair at the instant the moisture out-side the test- 
tube disappears. The mean of these two temperatures is the 
dew-point. 

Mason’s hygrometer. - Mason’s instrument consists of two 
precisely similar thermometers, suitably attached to a frame as 
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in Fig. 124. Round the bulb of one of the thermometers is 
tied a piece of muslin, to which cotton threads are attached, 
these hang down into water kept in a glass, supported as 
shown in the figure. The instrument depends for its use 
upon two facts which have been brought before the student’s 
attention already. The first is that water is vaporised only 
at the expense of a certain amount of heat ; and, secondly, the 
quantity of water vapour which air can take up at any tem- 
perature depends upon the amount already contained by it. 
Water rises up the cotton threads by the force known as 
capillary attraction, and consequently keeps the muslin moist. 
The water on the muslin evaporates, getting the heat necessary 
for evaporation from the bulb of the thermometer which it 
surrounds. The thermometer is thereby cooled, and the column 
of mercury sinks. This process continues until the air round 
the bulb is saturated and evaporation ceases. Thus the wet- 
bull) thermometer records a lower temperature than the one 
with a dry bulb. The difference between the readings is 
greater the drier the aii* at the commencement of the obser- 
vation, and it provides a means of estimating the amount of 
water- vapour present by seeing how much more must be 
added to saturate the air. 

The wet- and dry-bulb thermometer, as Mason’s hygrometer 
is called, is usually employed to indicate the relative amount 
of moisture in the air, but the readings may also be used to 
determine the dew-point (that is, the temperature at which dew 
would be deposited from the air at the time of observation) by 
a simple calculation in connection with a set of liygronietrical 
tables prepared for the use of practical meteorologists. When 
the dew-point has been found, the relative humidity of the air 
or the percentage of saturation can be determined. 

Regnault’s hygrometer. - Regnault’s hygrometer depends 
upon the same principle as that exemplified by Expt. 50 ii. 
The construction of this instrument is shown in Fig. 126. 
/>, I) are two polished silver thimbles, in which are arranged two 
test-tubes. The one on the right is half full of ether, and 
passing down into this ether is a right-angled tube t and a delicate 
thermometer T. There is a side tube in connection with that in 
the right-hand thimble which puts this test-tube in connection 
with a hollow tube, U l r , which by means of a piece of india-rubber 




Km. l'Jfi. — Reguault's hygrometer. 


through the ether by means of the aspirator, resulting in a 
deposition of moisture mi the outside of the right-liand thimble 
I). The moment at which this deposition occurs the thermo- 
meter T is read. The blowing is stopped and the temperature 
is read again at the instant d ulness disappears. The mean of 
these two temperatures gives the dew-point. 

CHIEF POINTS OF CHAPTER XII. 

Heat iB transmitted in three ways (1) by conduction, (2) by con- 
vection, (3) by radiation. 

Conduction is t he process by which heat passes from one particle 
of a body to the next. 

Gases are worse conductors than liquids, and liquids are usually 
worse conductors than solids. 

Convection is the process by which fluids (liquids and gases) 
become heated by the actual movement of the particles of the fluid 
due to difference of density. 

Heating buildings by hot water and methods of ventilation are 
applications of heating by convection. 



CHIEF POINTS OF CHAPTER XII. 


191 


Radiation differs from conduction and convection in two ways (1) 
it travels in straight lines, (2) it does not warm the medium through 
which it travels. 

If air containing water vapour is cooled sufficiently it will yield 
up its excess of moisture. The temperature at which this depo- 
sition takes place is called the dew-point 

When air has as much water vapour as it can hold it is said to be 
saturated with it. 

The amount of water vapour actually present, in air, compared 
with the maximum quantity it could take up, gives a measure of the 

Hygrometric state of the air. 


EXERCISES ON CHAPTER XII. 

1. What, is meant by convection ? 

Illustrate your answer by sketches, taking the ease of a vessel 
tilled with water and heated from below and explain why it is that 
convection is set- up. (1X99, Day. ) 

2. Why is a vessel of water heated mure quickly if heat is applied 
at t lit* bottom than if it is heated at the to))? 

Draw a diagram to illustrate the movements of a liquid heated 
from belo'vv. (1X97.) 

Point out the difference between the conduction and convection 
of heat. Describe an experiment showing that water is a bad con- 
ductor of beat. (1X97.) 

4. Water sometimes spurts from the spout of a keltic standing 
upon a lire. How do you account for this, and bow would you 
prevent it without taking the kettle of! the lire. (P.T. 1X97.) 

r>. On a cold morning a gardener grasps the iron part of his spade 
with one hand and the wooden part with the other. Explain why 
one hand feels colder than the other. (P.T. 189X. ) 

(». If a spoon made of solid silver and one ma.de of brass and only 
silver plated are placed in bowls in some boiling water, the handle 
of the silver spoon becomes much hotter than that of the plated one. 
Why is this ? 

Describe an experiment by which you would slunv that your 
explanation is correct. (1X99.) 

7. How is the reading of a thermometer altered by w rapping a 
w r et rag round the bulb? What will happen if the rag is wetted 
with (1) ether, (2) oil instead of water? llow do you explain the 
various results ? (Queen's Sell., 1X99.) 

8. Two test-tubes A and li are filled with w ater. A small piece 
of ice, is allowed to swim in A , and a similar piece of ire is sunk by 
a weight to the bottom of Ji. Heat is applied to the closed end of A 
and to the open end of />*. In which test-tube may w e expect the 
ice lirst to melt ? and in which may we expect the water first to 
boil? Give reasons for your answer. (Queen's Sell., 1899.) 
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9. On some days a steam-engine leaves a long white cloud behind 
it, and on some oilier days only a short one. Explain this by 
describing in each case why the cloud forms, and why it disappears. 
(L.M. Jan., 19(H).) 

10. A saucer containing water is left to evaporate on a window 
sill. Explain the atmospheric conditions which will favour or 
retard the disappearance of the water. (Certificate, 1904.) 

11. Explain what happens to the steam issuing from the funnel of a 
steam-engine : (a) on a line warm day ; (b) on a damp day ; (c) in a 
tunnel. (Certificate, 1905.) 



CHAPTER XIII. 

ATMOSPHERIC PHENOMENA. OCEAN CURRENTS. 

51. MIST, FOG, CLOUD, RAIN, SNOW, AND HAIL. 

Mist and fogs. — The general features of the forms of 
condensed moisture referred to under these names are 
familiar to every one. Wc naturally associate mists with 
rivers or other water surfaces ; most often they make their 
appearance after the sun has set. They seem to be caused as 
follows ; the air over the land by the side of the river gets cold 
more quickly than that over the river itself, because land 
radiates heat very much better than water does. Tins air over 
the water will show a tendency to rise, and the cold air will 
move towards the water to take its place. Rut the air over the 
water will thus be cooled and will be unable to hold as much 
water-vapour as before, and the excess of moisture assumes the 
nature of a mist. It is impossible to say when a mist becomes 
a fog. A fog is generally regarded as something denser and 
blacker than a mist. The condensation which forms a fog, at all 
events, and probably a mist also, takes place round the small 
particles of dust in the air, which act as nuclei for the minute 
water drops which make up the fog. In London or the large 
manufacturing towns, where there is so much carbon in the air, 
the fogs become very bad indeed — or, as is commonly said in 
the former place, they are thick enough “to cut.” 

Clouds. Clouds are sometimes formed in a similar manner 
to mists and fogs. They differ chiefly in their position, and can 
be very correctly regarded as fogs high up in the air. When 
from any cause an upward current of warm air laden with 
invisible moisture is cooled in these higher atmospheric regions, 

L.S. 1. N 
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a cloud will be produced. This can be brought about by a 
warm, moist stratum coming into contact with a cold current 
of air, whereby it becomes cooled and some of its moisture is 
condensed into minute particles, which Tyndall called “ water- 
diist.” Or, in its upward passage, it naturally comes to a 
colder zone, and as naturally some of its moisture takes the 
visible form of a cloud. Moreover, in ascending to levels 
where the pressure is less, air expands, and is thereby cooled ; 
in fact, this cause of cooling is far more effective than the 
former. 

Rain. — The particles constituting a cloud, that is, the water 
dust spoken of above, continually tend to coalesce or unite 
together to form larger drops. When these reach a certain size 
the air can no longer support them and in consequence of their 
increased mass they fall, being attracted more strongly to the 
earth. They do not always reach the surface of the earth, how- 
ever, for in their downward course it may happen that they 
have to traverse a layer of dry, unsaturated air, when the drops 
will become wholly evaporated again. In their passage through 
very moist air, then, rain-drops continually get larger, whereas 
in falling through dry air they become smaller until they may 
even eventually disappear. 

Snow. — Sometimes the temperature of a cloud is below the 
freezing-point of water, when it is manifestly impossible for the 
moisture to assume the liquid state, and it becomes condensed 
in a solid form. If, in addition to this, the temperature of the 
air through which the descending solid particles pass is below 
the freezing-point, we shall have a fall of solid particles in the 
form of snow. The falling particles unite continually to build 
up larger masses which we know as snow-flakes, which under 
favourable conditions, assume the most beautiful forms. Ice 
crystallises in the system called the hexagonal , and it is found 
on examining snow-flakes that they are combinations of minute 
crystals belonging to this system. Their shapes are seen to 
perfection in the Arctic regions, and observers in these high 
latitudes have recognised over a thousand different forms. In 
this country they will be seen best when a fall of snow takes 
place in a still, quiet atmosphere, with the temperature at 
zero or lower to prevent a partial thaw ruining their exquisite 
beauty. If the snow in its descent upon the earth becomes 
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partly melted, and perhaps later on partly frozen again, instead 
of snow-flakes reaching the surface we shall have a mixture 
of half-melted snow and rain, which is called sleet. 

Hail. — The mode of formation of hail-stones has never been 
satisfactorily explained. In our country it falls more commonly 
in summer and spring than during the winter months. Its 
existence seems in some way to be connected with the electrical 
state of the atmosphere. It has been suggested that it is quite 
sufficient to imagine a very cold current of air impinging against 
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Fi<;. l’JT. — Snow Crystals. (FYom photographs by Mr. W. A. Hentloy.) 


a moist cloud, and suddenly lowering its temperature as a whole 
to below the freezing-point, to account for its formation. How- 
ever it may be formed, it is another instance of the condensation 
of atmospheric vapour in the solid state. Hail-stones take the 
form either of hard or soft pellets which vary in size from a 
small pea to a small hen’s egg. Just as rain-drops and snow- 
flakes commonly increase in size as they approach the earth’s 
surface, so hail -stones aggregate together in their downward 
flight, becoming larger and larger as they reach their destination. 
An examination of hail-stones at different times and in various 
places has shown that they vary in their nature. Sometimes, 
on cutting through a hail-stone, it is seen to be built up round a 
speck of dust as a nucleus and to take the appearance of having 



196 


LESSONS IN SCIENCE 


been built up gradually, and not formed en masse , exhibiting, as 
it does, a more or less stratified structure. Soft hail-stones seem 
to be small lumps of snow without any central dust particle. 

52. CIRCULATION OF THE ATMOSPHERE. 

General remarks. — That the air is in movement is a fact of 
common knowledge. We see the results of its motion as we 
watch the branches of trees swaying to and fro. We feel the 
impact of the air particles upon our face when we turn towards 
a strong breeze. We have now to consider several questions 
having reference to this circulation of the atmosphere. Is there 
any regularity or order in the way in which winds blow ? What 
causes them ? and a host of other questions which will present 
themselves to the student. Before attempting an answer to 
such queries as these, it will be convenient to call attention here 
to the way in which winds are named. In describing the 
direction of ocean currents (p. 200), a northerly current is one 
which flows toward the north, or similarly with any other. But 
the contrary is tr ue of winds. The direction of an ocean current is 
always given as that point of the compass to which it flows, whereas 
that of a wind is alwayB spoken of as that from which it blows. 

The cause of winds.— In discussing the movements of liquids 
we found that water always flows from a place of high pressure 
to one where the pressure is lower. We said it sought its own 
level. Similar movements take place in all fluids ; there is in 
every case a movement from a point of higher to one of lower 
pressure until the pressure is equalised. But as has been learnt, 
the pressure of the atmosphere varies considerably from place 
to place, and being a fluid there will naturally be a disturbance 
of the whole, resulting from the endeavour to bring about an 
equilibrium of pressure. The air will move from the places where 
the pressure is high towards those spots where the pressure is 
low. These movements constitute winds. The winds are per- 
manent if the difference of pressures causing them are con- 
stant throughout the year. They are periodic if the pressure 
differences only arise at stated intervals. Variable winds result 
from any pressure disturbance which may ensue from local 
peculiarities of situation or from any other cause. It has been 
seen that variations in pressure are the result of alterations in 
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temperature and of the increase or decrease of the amount of 
water vapour held by the air. These causes are, in consequence, 
to be regarded as the primary factors in bringing about winds. 

It has been found that the pressure of the atmosphere is least 
in polar regions and along the equator, while the districts of 
greatest pressure occur approximately along the Tropic of 
Cancer and also along the Tropic of Capricorn, in the northern 
and southern hemispheres respectively. From what lias been 
said, it is manifest that there will be a movement of air 
from the Tropics of Cancer and Capricorn towards the poles 
on one hand and towards the equator on the other. If the 
earth were at rest, that is to say, we should have in the northern 
hemisphere a north wind blowing between the Tropic of Cancer 
and the equator and a south wind from near the same parallel 
of latitude to the north pole; while in the southern hemisphere 
there would be a south wind between the equator and the 
corresponding parallel of latitude and a north wind extending 
from the same circle to the south pole. 

The trade winds. But the earth is not at rest. It is 
spinning round like a top. The poles are at rest while places 
on the equator are performing a journey of 225,(100 miles in 
24 hours, that is, are moving with a velocity of over a thousand 
miles an hour. Other places on the surface have velocities 
intermediate between these two extremes and dependent upon 
their latitude.. Bearing this in mind, we will consider again the 
wind in the northern hemisphere, which would be a north wind 
were the earth at rest, and would blow 7 between the Tropic of 
Cancer and the. equator. The air moving towards the equator 
is subjected to two velocities — (1) that w hich it has in a southerly 
direction, depending upon the actual pressure difference between 
the place from which it starts and that towards which it moves; 
(2) that which it has in a direction from east to west, due to the 
earth’s rotation from west to east. The resultant is obtained in 
the manner described on p. 41. By applying this method the 
student w ill understand that the direction which the w 7 ind will 
appear to have will be from the north-east, and this movement 
w r ill give rise to the north-east winds which are more or less 
permanent in the low latitudes w 7 e have specified. They are 
knowni as the Trade Winds, and were so called because of the 
assistance they rendered to the navigation of trading vessels 
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before the introduction of steamers. They blow with great 
constancy across the oceans, but are more or less interfered 
with over the continents, since the local conditions on the land 
vary from place to place. 



By applying the same reasoning to the southern hemisphere 
it will be clear that the direction of the trade winds south of 
the equator will be south-east. 

Land and sea breezes. — Near the sea, especially in the 
tropics, there are well-marked breezes, which result from the 





Fig. 129. — Sea breeze. 



Fig. 130.— Land breeze. 


different thermal properties of land and water. Water has a- 
higher specific heat, and is also a poorer absorber of heat than 
land, and consequently during the day the air above the land 
will become warmer than that above the water, and an upward 
current of air will be set up over the land. The cooler air from 
over the sea will flow in to take the place of the air which rises 
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and will constitute a sea-breeze. After sunset both the sea and 
land begin to radiate heat ; the land being a better radiator 
becomes cool quickly, but the sea remains warm. The air over 
the water consequently becomes warmer than that over the 
land, and the pressure above the sea will be lower than that 
over the land, causing a current of air from the land out to 
sea, which is known as a land-breeze. 

Monsoons. — In describing the trade winds no reference was 
made to the Indian Ocean, and this was because the conditions 
here periodically change as a result of the proximity to the great 
land-masses of Asia as well as of the apparent annual motion of 
the sun. The name monsoon is itself derived from a Malay 
word meaning a season , to mark the fact of the periodical change 
in the direction of the winds, that is, the seasonal variation which 
they undergo. In summer, the Asiatic continent is shone upon 
nearly vertically by the sun, and therefore it becomes intensely 
hot compared with the waters of the Indian Ocean to the south. 
As a natural result the air over the land rises because of the 
decrease in its density. The air from the relatively cold ocean 
flows in to take the place of the upward current, and in con- 
sequence of the earth’s rotation flows from the south-west across 
India, but in directions in other parts depending upon the 
nearest place of high pressure. This south-west monsoon blows 
from April to October. In the southern hemisphere, in a 
manner somewhat similar to that causing an alteration in the 
direction of the trade winds, the direction of the monsoon 
blowing in these months is south-east. In winter the conditions 
have become changed. The sun is now more or less vertical 
over the latitudes in the vicinity of the Tropic of Capricorn. 
The air over the Asiatic continent becomes cooled and denser, 
while that over parts of Africa has become warmed and rarer. 
There is a wind caused which blows from Asia to Africa in a 
north-easterly direction, and is felt from October to April. 

It must not be supposed that monsoons blow in no places 
besides the Indian Ocean, for wherever the local conditions 
interfere with the regular trade winds, these winds will partake 
of a seasonal character. Monsoons occur for these causes in 
Madagascar, Guinea, Australia, Brazil. 
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53. OCEAN CURRENTS. 

i. Circulation of Water. — Place a piece of ice in a trough of water, 
A, B, C , Dt and at the other end of the trough arrange a metal rod E, 
kept hot by a flame F. Pour a little coloured liquid into the 
trough, and notice the general movement of the water as shown 
in Fig. 131. 

Ocean currents. Causes. — There are several causes at work 
tending to produce movements in the waters of the oceans. 
They have already been referred to incidentally, and can be 
satisfactorily enumerated at once. 



lm. -emulation of water. 


(1) Action of the prevailing winds.— In this connection the 
comparative shallowness of the ocean must be insisted upon, 
for it is only by bearing this in mind that any conception of 
the power of the wind can be attained. 

(2) The heating effect of the sun in tropical regions. — The 
effect of heat upon liquids is to make them expand, causing 
a given mass to occupy a larger volume, and so become 
lighter bulk for bulk. The result is a rising of the lighter 
waters and a sinking of the heavier colder waters to take tlier 
place, precisely as lias been described under convection currents 

(p. 182). 
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(3) The increase in saltness and consequently of density of the 
water as a result of evaporation. The. waters of the ocean 
contain solid substances in solution. When heated they give 
off pure water in the form of vapour, the saltness consequently 
increases and with this the waters become heavier bulk for bulk 
thereby disturbing the equilibrium. 

It is evident tlml the second and third of these causes produce 
contrary effects and tend to neutralise one another. It is most 
probable that the winds constitute the motive force which 
results in the production of the great regular movements of the 
water which are referred to under this heading. The winds 
are set up by the sun and the amount of evaporation depends 
upon temperature, so that really the great cause of oceanic 
circulation is the energy of the sun. 

The general result of the difference of temperature in equa- 
torial and polar regions is a tendency for warm surface currents 
to flow into higher latitudes, while a cold under current creeps 
along the ocean bottom from the poles towards the equator. 
This action has been illustrated in Experiment 53 i. 


CHIEF POINTS OF CHAPTER XIII. 

Fog consists of minute droplets of water, each having a small 
particle of dust or other matter as a nucleus, and formed near the 
earth’s surface. 

Mist is similar to fog, hut not so dense, and the particles of water 
in it are believed to lx; larger than in fog. 

Clouds mostly consist of innumerable particles of water suspended 
high up in the air ; they are elevated mists or fogs. Some clouds, 
however, are compost'd of ice particles. 

Rain consists of drops of water, formed by the union of the 
minute water particles of clouds, which fall towards the earth in 
consequence of their increased mass. 

Snow is the solid form in which the moisture of clouds is 
precipitated when the temperature is below the freezing-point of 
water. Snow-flakes always have a regular crystalline form. 

Hail consists of pellets of ice or snow', frequent ly made up of 
concentric layers formed round a nucleus. This stratified structure 
proves its formation in stages and not all at once. 

Wind is air moving from places where the pressure is high 
towards those spots where the pressure is lower. The differences 
of pressure are produced by variations in the temperature and 
moisture of the air. 
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Land and sea breezes. — 

Night Breeze 

from cooled land to wanner water 

>• 

Lan d Ska 


Day Breeze 

from sea to warmer land 

Monsoons are periodical winds strongly felt in and about the 
Indian Ocean and China Sea. 

/'Northern /North-east, October to April. 

M | hemisphere \ South -west, April to October. 

) ' Southern /South-east, April to October. 

V hemisphere (North-west, October to April. 

Ocean Currents. — The great ocean currents are mainly due to the 
action of the winds. Other minor causes are the heating effect of 
the tropical sun, and the increase of saltness and consequently 
of density of salt water by evaporation. 


EXERCISES ON CHAPTER XIII. 

1. Distinguish between fog and mist. Why is the former more 
common in towns ? 

2. Describe carefully how clouds are formed. Explain how rain, 
snow, or hail, falls according to the condition of the atmosphere. 

M. What is the cause of wind ? Account for the directions of the 
Trade Winds in the two hemispheres. 

4. Explain what is meant by (a) Land and Sea Breezes, {h) 
Monsoons. 

h. Describe an experiment to illustrate the circulation of water 
in consequence of a difference of temperature. 

6. (live a short account of the great ocean currents. 



CHAPTER XIV. 

PROPAGATION AND REFLECTION OF LIGHT. 

Light is a form of radiation.— In considering, in a part of 
the previous chapter, the ways in which heat can be transferred 
from one place to another, it has been seen that the heat of the 
sun reaches the earth by radiation. These solar radiations 
comprise what is collectively called sunlight ; they are conveyed 
in the form of waves through the medium ether, which is 
believed to pervade all space, and may be conveniently referred 
to as ether- waves. These ether-waves are of various lengths 
and can produce different effects. If they fall upon our bodies 
the longer waves may be absorbed, and the energy of the wave- 
motion become converted into heat ; if they fall upon the retina 
of an eye, the shorter waves may produce a sensation of light 
and the waves are then spoken of as light ; falling upon a 
photographic plate or upon a green leaf, the shortest ether- 
waves may produce chemical effects, and are then referred 
to as actinic. But, in their passage through the ether, these 
ether- waves do not give rise to any of these effects ; they arc 
simply waves transferring energy by wave-motion. 


54. RECTILINEAR PROPAGATION OF LIGHT. 

i. Light travels in straight lines.— Take three cards and make a 
small hole in each with a line needle. Fix the cards upon wooden 
blocks, so that all the holes are at the sanra height and in a straight 
line. Place, a lighted candle or a, lamp in front of the first card, and 
look through the third (Fig. 132). So long as the holes are in a 
straight line you can see the light from the candle shining through. 
Move 011 c of the cards aside, and notice that you can no longer see 
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the light. What is true of light applies equally to all other kinds of 
radiation. 

ii. Pin-hole camera. — Construct a pin-hole camera as follows : 
Make two pasteboard tubes by rolling pasted paper on a wooden 
cylinder, so that one fits inside the other. For the wider tube 
previously cover the cylinder with dry paper. Cover one end of the 
narrower tube with tissue paper, and thrust this end into the wider 
tube. Line with black paper. Place the tube with the pin-hole 
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Pm. 1 32. - The light of the wunllu wui only In; wen when the three holes 
in the screens are in a straight line. 

facing a luminous object, r.tf. a candle. Notice that the image of 
the candle seen upon the tissue paper is upside down. Reason out 
how this image is formed. Many toy shops sell a pin-hole camera at 
a penny, and one of these may l>e used instead of constructing one 
from tubes. 

iii. Overlapping’ of images — Make several pin-boles near the first 
one in the pin-hole camera. For every pin-hole there is an image 
formed on the screen. Make the pin-holes more and more numerous, 
and nearer together, till the images overlap and become confused. 
At last diffused light is produced, which is an overlapping of 
images. 

This experiment explains why the image becomes blurred, and 
eventually disappears if the size of the single pin-bole is increased. 

Light travels in straight lines.— That light rays travel in 
straight lines can be shown at once by examining the paths of 
the rays as they pass through a bole in the shutter of a darkened 
room. Though the light- waives arc not themselves visible, yet 
the path of the light becomes apparent, because the minute 
particles of dust in the air are rendered luminous by the vibra- 
tions of the ether being reflected by them. If there were no 
dust particles in the room the beam of light would be invisible. 
When the path of a beam is made visible by smoke or dust it is 
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seen to be a straight line. That light travels in straight lines 
may, indeed, be inferred from several everyday experiences. 
We cannot see round a corner ; if light travelled through a 
uniform medium in lines that were sometimes bent, there is 
no reason why we should not. Or, again, everyone knows 
that it is only necessary to put a small obstacle in the path 
of the light from a luminous body to shut out completely 
our view of it. The light from the setting sun, when the sky is 
cloudy, is often seen to travel in straight lines. 

The images produced by a pin-hole are inverted.— When 
an object is viewed through a pin-hole camera, it is seen to be 
upside down upon the screen. Similarly, all images produced 
by a small aperture are inverted. This inversion is a direct 
consequence of the 
fact that light tra- 

vels in straight lines. x'j 

That this is reaiiy A i 

the case can be un- IS 2* 

derstood fully by the Jr {? $ 

following simple con- 
siderations. Let //, 
in Fig. 133, be the g 

pin-hole, and A B the i.,» ™ . 

candle. Rays are sent scon through a pin -hole*, 

out in all directions 

by every point of the candle, but of all the rays from a point, 
such as A y only that in the direction AH can pass through the 
hole and form an image A’. Similarly, the only ray from /> 
which can get through the hole is 7i//, so an image of B is 
formed at B\ The same reasoning applies to any part of the 
candle, hence a complete inverted image is produced. 

If the light which passes through a small hole in the shutter 
of an otherwise dark room be caught by a screen of cardboard, 
a coloured, inverted image of the sky and landscape will be 
seen. By using a pin-hole camera, a photograph of the view 
can be obtained (Fig. 134). The bright circles of light seen 
under trees in summer are really images of the sun formed 
by the small spaces between the leaves. ^ 

Size of image produced by a pin-hole. — That the size of the 
image depends upon the distance of the screen from the pin-holo 
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is proved practically by varying the distance of the screen from 
the pin-hole and measuring the length of the image. The 



Fig. 134. - Picture taken by a pin-hole camera. 

From a phutwjraph bp Mr. F. Mutter worth. 


greater the distance of the screen the longer the image. 
The reason for this alteration in the size of the image is a 
simple one. The rays of light from the top and bottom of the 
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object travel through the pin-hole, and since one is travelling 
upwards and the other downwards, they will be farther apart 
the greater the distance they travel. Consequently, the image 
is longer the more the screen is moved from the pin-hole. 

The relation between the sizes of the object and image 
according to their distances from the aperture is 

length of object _ distance of object from aperture 
length of image - distance of image from aperture* 

The larger the image the less br ight it is, because the small 
amount of light is spread over a greater area in the case of the 
enlarged image. 

Illumination due to overlapping of images.— When a pin- 
hole is made in the front face of a pin-hole camera, an image of 



Fio. 135.— To illustrate why the intensity of light, diminishes as the 
distance from it increases. 

the bright object looked at is formed on the screen in the 
manner described in the preceding paragraphs. If a second 
hole be pierced, a second image is obtained. When the number 
of holes is increased steadily, one at a time, the images, it is 
observed, start overlapping, at the same time becoming blurred. 
When the number of images has become considerable, no sepa- 
rate image can be distinguished ; diffused light, as it is called, is 
produced, and the screen is illuminated in the ordinary way. 

Intensity of light. — In proceeding from the source of 
illumination, light spreads out as indicated in Fig. 135, so that 
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though each ray retains its original intensity the number of 
rays which illuminate a given area depends upon the distance 
of that area from the luminous source S. At twice the distance 
the rays are spread over four times the area, so their illuminating 
effect, as at M, is only one-fourth of what it is at m. The amount 
of light received from a luminous source is thus inversely pro- 
portional to the square of the distance from the source. 


55. SHADOWS. 


i. Shadows produced by small sources of light. — (a) Place a stick 
vertically between a screen and an ordinary tisli-tail gas burner, so 
that the flat flame and the stick are in the same plane. The shadow 
of the stick on the screen is defined sharply. Turn the flame through 
a right angle, so that it is now parallel to the screen. The dark 
shadow is Fringed by another less intensely black. 

(b) Cast a shadow of a sphere on to a screen, using a small source 
of light, such as a candle-flame. Notice that the shadow cast on the 
scroeu is distinct, circular, and of equal darkness throughout.. 

ii. Shadows produced by large sources of light.— (a) Substitute a 
lamp, with a ground glass globe larger than 
the sphere, for the caudle in the last experi- 
ment. Noth*; that the shadow' on the screen 
is made up of two parts, an inner dark circular 
patch called the umbra , while concentrically 
arranged round it is a partially illuminated 
shadow, forming a ring, called the penumbra 
(Fig. 130). 

(b) Using the lamp with a largk globe, as in 
the last experiment, cast a shadow of a very 
small sphere. Notice that the shadow comes 
to a point, as can he shown by moving the screen slowly from 
the sphere, when the shadow gradually becomes smaller and 
disappears. This is a converging shadow, while those of tWo 
previous experiments are diverging shadow's. 



Fio. 130. — Umbra and 
penumbra. 


Shadow of a rod. — When a thin rod is illuminated by the 
edge of the flame of an ordinary fish-tail gas burner, the shadow 
of the rod thrown on a screen has sharp edges, and it is equally 
black throughout. This, in common with all the phenomena of 
shadows you have studied experimentally, is the result of the 
fact that light travels in straight lines. The light from the 
edge of a flame is in the place of the illuminated pin-hole, and 
the explanation offered for the formation of the image by a 
small aperture applies here also — except that there is no cross- 
ing of the rays and no inversion. 
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Umbra and penumbra. — When in experimenting with the 
rod the flame is arranged so as to be par allel with the screen, 
the dark distant shadow — the umbra — is fringed on each side 
by a less distinct shadow — the penumbra. Similarly, when a 


K 



Fio. 137.— -When the source of light is relatively small the shadow of an 
object lias no penumbra. 


sphere is illuminated by a small source of light, such as a candle 
flame, it casts a clearly defined shadow on the screen, or the 
umbra only is present (Fig. 137). When, however, the source 
of light is larger, like the ground glass globe of the lamp, the 
umbra is surrounded by a partially illuminated concentrically 


m 



n 


Fio. 138.— Formation of umbra and penumbra of a shadow. 


arranged shadow — the penumbra. In Fig. 138, A represents the 
illuminated globe, B the sphere, and mn the screen. By follow- 
ing the course of the rays of light the student will have no 
difficulty in understanding 

(1) The formation of umbra and penumbra. 

(2) How these result from the propagation of light in straight 
lines. 

i,.s. i. 


o 
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66. PHOTOMETRY. 

i. Law of inverse Bquares. — Pin a piece of white paper upon a 
drawing board to act as a screen. Fix the drawing l>oard at right 
angles to a table in a darkened room. In front of the screen place a 
vertical rod about 1 to 2 cm. in diameter (a retort stand will do). 
Beyond this, place, to one side, a candle fixed on a piece of wood, 
and to the other side two candles, one immediately in front of the 
other, fixed on a block of wood. Notice that two shadows of the 
upright appear on the screen. Move the candles near each other so 
that the two shadows of the upright touch but do not overlap. 
Notice that one shadow, that cast by the two candles, is darker than 
the other. The latter shadow is illuminated by one candle, the other 
is illuminated by two candles. Now, move back the two candles 
until the shadows appear equally dark, that is, in equal contrast 
with the bright part of the screen. Then the two candles give just 
as much light to the screen as the one. Measure the distance of the 
one candle, and the mean distance of the two. Compare these 
distances ; are they in the ratio 2:1? Compare also the squares of 
the distances. 

l)o the experiment with different distances, and again compare the 
squares of the distance. Hence prove that the illumination is 
inversely proportional to the square of the distance. 



Fio. 189. —Comparison of the intensities of the flame of a candle and lamp. 


ii. The shadow photometer.— Using the same screen and rod as 
before, compare the illuminating power of a candle flame with that 
of a fish-tail gas burner or a lamp (Fig. 139). Place the candle, which 
can be conveniently fixed on a flat piece of wood, at a measured 
distance from the screen, say 30 cm. Move the lamp away from the 
screen until the shadows cast by the candle flame and the lamp flame 
are of equal intensity. To estimate this accurately you must 
arrange the flames so that they are the same height from the table, 
and in such positions that the two shadows on the screen just touch 
but do not overlap one another. 
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The relative darkness of the shadows is more easily seen if the 
eyes be contracted or half closed, especially when, as here, the light 
is of somewhat different colours. 

Measure the distance of the lamp flame from the screen. Vary 
the distance of the candle from the screen, and find the correspond- 
ing proper position of the lamp flame. Record thus : 


The shadow photometer (Rumford). 


Distance of Candle from the Screen. 

Distance of Lamp Flame from the Screen. 

1 


2 


3 


4 



Compare the squares of these distances. These are evidently the 
ratios of the relative illuminating powers of the two sources of light ; 
and hence the comparison shows the candle power of the lamp or gas 
flame used. 

Bunsen’s photometer. - (a) Obtain a piece of white paper. Make a 
grease spot, in the centre. Allow a light to shine on the paper. 
Observe that the grease spot is darker than the surrounding surface. 
Observe the paper by transmitted light. Notice that the grease 
spot is now brighter than the general surface. 

(h) Use the paper as a screen anti illuminate one side of it by means 
of a candle and the other with a lamp. Move the candle and lamp 
until the grease spot is barely distinguishable in point of brightness 
from the white surface near it. Measure the distance of the candle 
and lamp from the grease spot. Using the law of inverse squares, 
calculate the luminosity of the lamp in terms of the candle. 

Photometry. — The principle already noticed, that the amount 
of light received from a luminous source is inversely propor- 
tional to the square of the distance, is of great value in 
determining the relative brightness of t wo sources of light, or of 
measuring any light in terms of a standard light. 

In Rumford’s shadow photometer (Fig. 139), the shadow cast by 
one source of light is illuminated solely by the other source of 
light. When the two shadows are equally dark, the illumina- 
tion, due to each light, at the position of the screen on which 
the shadows are thrown, is the same. By comparing together 
the squares of the distances of each light from the screen, the 
relative intensities of the two lights are determined. If the 
distance of the candle is 10 inches and that of the lamp 
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20 inches, the intensity of the candle would be represented by 
10 x 10=100, and the lamp by 20x20=400, or the lamp is four 
times as bright as the candle. 

In Bunsen’s grease-spot photometer the two sources of light are 
compared by placing them on either side of a screen having a 
grease spot in it. Its use depends on the fact that a grease spot 
equally illuminated on either side has the same brightness as 



Fia. 140. — Bunsen’s grease-spot photometer. 


the general surface. The light lost by transmission through the 
translucent, or semi-transparent spot in one direction is com- 
pensated for by the equal transmission in the opposite direction. 
The eye is indifferent whether the light it receives is due to a 
reflection from white paper or to transmission through a trans- 
lucent spot. It observes that the brightness of the grease-spot 
is equal to that of the rest of the surface. The intensities of 
the two lights are again proportional to the squares of their 
distances from the screen. 


57. LAWS OF REFLECTION. 



Fia. 111. — Arrangement of pins and mirror for 
proving the laws of reflection of light. 


L Pin method of prov- 
ing the laws of reflec- 
tion.— Fix two slabs of 
wood at right angles, as 
in Fig. 141, AB, CD. 
Against the upright slab 
put a piece of glass EF 
with blackened back, 
so that reflection only 
takes place from its 
front surface. Upon the 
horizontal slab lay a 
sheet of white paper. 
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Stick a pin b in the wood against the glass, and place another pin 
in the position a. Now procure a third pin ana stick it into the 
wood at c in such a position that c, b, and the image of a are in a 
straight line. Draw with a finely pointed pencil a line along the 
edge of the glass xy ; then take glass and pins away. 

The paper will be marked by the pin-holes and the line xy . Draw 
lines through the pin-holes, and at b erect a normal bd to xy, that is, 

a line perpendicular to xy. 

Measure the angles abd, 
cbd , and compare them 
(Fig. 142). Repeat the ex- 
periment two or three times, 
with the pins in different 
positions, and so determine 
that the angle of incidence 
and the angle of reflection 
are equal. 

Observe that since the 
holes made by the pins are 

all on the same piece of Fia. 142.—' The angle of reflection cbd is equal 
paper with the normal, the to the angle of incidence abd. 

incident ray , the normal , 

and the reflected ray are all in the same plane. Moreover, the re- 
flected ray is on the opposite side of the normal to the incident ray. 

ii. Laws of reflection illustrated by a mirror.— Fasten with wax a 
little whitened, wooden stick perpendicularly at the centre of a 



E lane looking-glass. Cast upon the mirror, at the foot of the rod, a 
earn of parallel rays from the lantern, or a sunbeam coming through 
a hole in a screen. Notice {a) that the reflected beam always makes 
the same angles with the mirror and the stick as the incident beam 
does, and (/>) that the incident beam, the stick, and the reflected 
beam all lie in one plane (Fig. 143). 
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ill. Reflection at two surfaces.— Place a lighted candle in front of 
a thick plate-glass mirror, as in Fig. 144. Notice that two images 
can be seen when viewed a little from one side. One is due to 

reflection at the front surface, 
and the other is produced by 
reflection at the silvered back 
surface. 

iv. Images formed by plane 
mirrors.— (a) Place a knitting 
needle in front of a plane 
unsilvered sheet of glass fixed 
vertically in front of a dark 
background. Arrange another 
such needle behind the mirror 
in such a position that wher- 
ever the eye be placed, the 
needle behind the mirror .al- 
ways appears in the position 
of the reflected image of the 
first, needle. 

It is easy to arrange the 
needle in the light position 
behind the mirror, by observ- 
ing that when this needle 
apparently moves more in the 
— direction in which the eye is 
Fig. 144.— Multiple images produced by moved than tile image does, 
a thick mirror. the needle is too far behind 

the mirror, and vice versa. 

Measure the distances of the two needles from the l>ack of the 
mirror. They should be the same, thus showing that the image 
is situated as far behind a plane mirror as the object is in front 
of it. 

Reflection of light- — When any wave is said to be reflected, 
it is understood that it comes into contact with the surface of 
some body, and is thrown back from that surface, and travels in 
a direction opposed to that in which it was originally moving. 
This may happen in two ways, either regularly or irregularly. 1 n 
the first case, it is turned back according to simple rules, while 
in the second there is no uniformity about the direction. The 
page on which this explanation is printed appears to be white 
because — owing to the roughness of the paper — of the irregular 
reflection of the light which falls upon it. Or, if we powder a 
sheet of glass, the powder seems to be white for a similar 
reason ; there are many surfaces formed from which irregular 
reflection takes place. The manner in which a sheaf of rays is 




PROPAGATION AND REFLECTION OF LIGHT 215 


broken up and leaves the surface of a body when reflected 
irregularly can be seen in Fig. 145. 

Laws of reflection of light.— Light is reflected regularly 
from a plane mirror— that is, a flat reflecting surface. Such a 
mirror can be made from 
a variety of substances, 
but the most common is 
bright metal or silvered 


Fio. HO. — Irregular reflection of light. 


The angle at which 
the light, or. any sort of 
wave, strikes the reflec- 
ting surface is called the 
angle of incidence, and the 
wave an incident wave. 

The angle at which the 
wave leaves this surface is known as the angle of reflection, 
and the wave as it leaves the reflected wave. 

There is a definite connection between the angles of incidence 
and reflection, and it can be expressed as follows : 

1 . The line representing the reflected wave is in the same plane 
with the normal and the line representing the incident wave, and is 
on the opposite side of the normal to the incident line. 

2. The angle of incidence is equal to the angle of reflection. 

It has also been learnt by experiment that when a wave 
strikes a reflecting surface normally , le. having travelled along 
the normal, it is reflected back upon the same line. 

Formation of an image by a plane mirror.— The two rules 
just enunciated enable the formation of an image by a plane 
mirror to be understood easily. 

Let MM {Fig. 146) be the plane mirror, and A a bright spot of 
light like the head of a pin in Expt. 57 i. First see what happens 
to the light ray which leaves A and strikes the mirror normally. 
It is reflected back along the same line, and the reflected ray 
appears to come from a point A' along A A, In the case of any 
other rays, such as A />, the light ray is reflected in such a way 
that the angle of reflection CBD is equal to the angle of inci- 
dence ABO, and appears to an eye, placed as in Fig. 146, to 
come along BD from a point A \ where BD produced meets A A'. 
If the same construction is made for any other ray AB it will 



216 


LESSONS IN SCIENCE 


be reflected and appear to be coming along B'D , which pro- 
duced backwards will pass through the same point A . A' is 

therefore the image of A , 
and it can be proved easily 
by geometry that A' is as 
far behind the mirror as A 
is in front of it. 

These facts apply equally 
to the formation of the 
images of objects , which can 
be considered as accumu- 
lations of small material 
particles to which the con- 
struction given above for a 
point may be applied. 

When a mirror rotates, 
the anglethroughwhichthe 
image moves is twice the 
angle through which the 
mirror moves. — Knowing the laws of reflection, this truth 
can be arrived at easily by a knowledge of geometry. Thus 
let MM (Fig. 147) be a 
mirror, capable of rotation, 
when in a vertical position. 

After a brief interval it 
will, when rotating, have 
arrived at a new position 
M x M 2 . PO is a ray of light 
which strikes the mirror in 
its vertical position at right 
angles. 

The mirror rotates and 
the direction of the reflected 
ray is along OR, It is re- 
quired to compare the angle 
FOR through which the ray 
of light moves, with the angle MOM x through which the mirror 
movcs * Angle POM— a right angle, 

angle QOM A — a right angle ; 
angle POM— angle < 



Fia. 147.— Froof that the angle through 
which the reflected ray moves in double 
that through which the mirror is turned. 
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The angle through which the mirror moves 
=M x QM=QOM x -MOQ 
— POM - MOQ 
=QOP. 

But since angle of incidence = angle of reflection 
QOP=QOR ; 

por^qop. 

But POR is the angle through which the ray of light moves, 
md it is twice that through which the mirror moves. 

58. SPHERICAL MIRRORS. 

i. Principal focus of a concave mirror.— Procure a concave mirroi 
md cover it with black paper, except a small part at the centre oi 
•ound the pole. That is, list the aperture of the mirror be small. 
\llow rays of sunlight to fall upon it (these come from so greats 
listance that they can be considered parallel). Move a very smal 



Flo. 148. — The principal focus of a spherical mirror. 

paper screen up and down in front of the reflecting surface so as not 
to cut off the incident rays. Notice that at a certain point a clear 
image of the sun is formed, and probably the screen will be burnt. 

ii. Concave mirrors ; law of distances. — (a) Place a lighted candle in 
front of a concave mirror so that the flame is on the principal axis. 
Move a small screen of white cardl>oard to and from the mirror, so 
that it does not intercept all the light passing between the candle 
and the mirror. At a certain distance from the mirror a clear 
image of the flame will be found upon the card screen. 

(i b ) Now move the flame a short distance away or towards the 
mirror. It will be found necessary to move the card towards or 
away from the mirror in order to again obtain a sharp image. 

The distances from the mirror to the candle flame u and from the 
mirror to the card v should be carefully measured. They will be 
found to depend upon the focal length / according to the equation : 

i + I=?. 

u v r 
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Beflection from Spherical Mirrors.— A spnerical mirror 
is a part of a spherical surface which has the power of 
reflecting. It may be either concave or convex , the former 
if the reflection takes place from the hollow side, the latter 
if from the bulging side. The centre of the sphere of 
which it forms part will evidently be the centre from which 
the part of it constituting the mirror was struck, and this point 
is called the centre of curvature. The distance from this point 
to the reflecting surface is the radius of curvature. Thus in 
Fig. 149 c is the centre of curvature and cJ/, erf, cM\ are all radii 

of curvature. MM' is 
called the diameter or 
aperture of the mirror 
and rf is called by many 
names, perhaps pole of 
the mirror is the best. 
A line going through 
the pole and centre of 
curvature is the prin- 
cipal axis of the mirror, 
, , . any other radius pro- 

Pio. 149. — Reflection from a spherical mirror. , * , . . . 

cluced being a secondary 

axis. We know from geometry that every radius is at right 

angles to the tangent at the point where it cuts the circle; 

and, since we can consider the tangent and circle as coincident 

at this point, from what has been already said it will be clear 

that the radii are normals to the mirror. Evidently, then, 

if we place a luminous object at the centre of curvature we 

shall have all the rays of light from it reflected back along 

the lines of incidence, or the image will be formed at the same 

place as the object. 

If parallel rays fall on a concave mirror, e.g. rays from the 
sun, they will be reflected and brought to one point, called a 
focus. The point so obtained is called the principal focuB of the 
mirror. In Fig. 148, F represents this point and C the centre 
of curvature. The parallel lines show the direction of the sun’s 
rays. This point F is midway between the pole and (7, or the 
focal length is half the radius of curvature. 
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CHIEF POINTS OF CHAPTER XIV. 

light, like every kind of radiation, is a form of energy. It is a 
process of transference of energy by ether-waves. Those ether- 
waves which affect the retina are 'known as light. 

Rectilinear propagation of light. — Light travels in straight lines 
when propagated through any one medium, but often has its 
direction changed when passing from one medium to another (see 
Refraction). 

Consequences of rectilinear propagation of light.— (a) The images 
produced by a pin-hole camera are inverted. 

( b ) The size of the image formed by such a camera can be found : 

• 

length of obje ct dist anc e of obje ct from aperture 
length of image ~~ distance of image from aperture* 

(c) Illumination is due to the overlapping of images. 

(d) The formation of the umbra and penumbra. 

A photometer is an instrument for comparing the intensities of 
different sources of light. 

Reflection. — Light, in being reflected from suitable surfaces, obeys 
the following laws : 

1. The reflected ray lies in the same plane as the incident ray 
and the normal ; and is on the opposite side of the normal to the 
incident ray. 

2. The angle of reflection is equal to the angle of incidence. 

Spherical mirrors. — When paraded rays, or those from a very 

distant object, fall on a concave mirror, they meet, after reflection, 
at a point half-way between the mirror and its centre of curvature. 
This point is called the principal focus. The law of the distances 
of the object and of the image respectively from the mirror in 
other cases is expressed by a simple equation. 


EXERCISES ON CHAPTER XIV. 

1. A candle is placed close to a looking-glass, and its reflection in 
the glass is viewed a little from one side. What will be seen ? As 
far as you can, explain the appearances which you describe. (P.T. 
1898.)“ 

2. Describe a pin-hole camera, and explain, illustrating your 
answer by a diagram, how the image of a luminous object is formed 
by it. 

What experiment would you perform to show' why it is that the 
image first becomes blurred and then disappears when the size of 
the hole is gradually increased ? (1899.) 

3. Three candles an* placed quite close together in a row at the 
centre of a room, and a wooden rod is held in a vertical position at 
a distance of about a foot from the candles. Explain, giving 
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diagrams, why it is that as the rod is moved in a circle round the 
candles the shadow cast on the walls is in some positions sharp and 
in others very ill defined. (1899, Day.) 

4. The sun shines through a crack in the shutter of a darkened 
room. A person inside the room says that he Bees a ray of light 
entering the room. Put his statement in a more accurate form. 
What can he really see ? (P.T. 1898.) 

5. A small opaque sphere is placed between a gas burner and a 
white screen, and when the gas is turned down so that the flame is 
very small it is found that the shadow cast on the screen is quite 
sharp, but on turning up the gas so that the flame is large, that the 
edge of the shadow is blurred. Explain the reason for this change, 
illustrating your answer by means of diagrams. (1898.) 

6. State the two laws in accordance with which a -ray of light is 
reflected by a smooth surface, and describe experiments by which 
you would demonstrate the truth of each of these laws. (L.M. 1900.) 

7. What is an inverted image? If the capital letter F were 
drawn on paper and held in front of a mirror, how would you have 
to draw the letter on the paper and how hold the paper, in order 
that the image of the letter in the mirror should present its ordinary 
aspect? (L.M. 1900.) 

8. A bright object is placed at a short distance in front of an 
ordinary looking-glass. An eye looking into the mirror sees, in 
general, a number of images of the object, the second of the series 
in order of nearness being usually the most brilliant. Explain this. 
(L.M. 1900.) 

9. A shadow is usually divided into an “umbra” and a “pen- 
umbra.” Explain these terms. How can you readily obtain (1) 
a shadow which is practically all umbra, (2) a shadow which is all 
penumbra ? 

10. By moving a fragment of looking-glass, a boy finds that he 
can throw images of the sun up and down the walls and ceiling of 
a room. Where must he stand to be able to do this ? Show by a 
diagram that the angle through which the image moves is twice 
as large as the angle through which the boy moves the glass. 
(Certificate, 1905.) 

11. Descril>e how parallel rays are reflected by a concave mirror. 
What is the law of distances in the case of such a mirror ? 



CHAPTER XV. 

REFRACTION OF LIGHT. 

59. REFRACTION AT PLANE SURFACES. 

i. Refraction by water. — (a) Procure a rectangular metal box, 
such as a cigarette box, and put a wooden or metal scale on the 
bottom. In a darkened room let sunlight fall slantwise against the 
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Fio. 150.— Experiment to show refraction of light by water. 

edge. The side of the box throws a shadow which reaches, say, to 
C y which, since light travels in straight lines in the same medium, 
is a continuation of the ray of sunlight AB. Without disturbing 
anything fill the box with water. The shadow no longer reaches to 
(7, but only as far as D. Clearly the light waves have been bent or 
refracted out of their original course. Notice that NN' is the 

991 
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normal, and that the rays of light travelling from the compara- 
tively rare air into the? denser water are refracted towards the 
normal. 


- - -.j a (b) Obtain a medicine bottle with flat 

faces, and paste over one face a piece of 
I paper having a circular hole cut in it 

jj^ j (Fig. 151). On the glass draw a vertical 

^ and a horizontal line on the clear space as 

1 f i shown. Pour water into the bottle until it 

reaches the level of the horizontal line. 
Let a narrow beam of light enter the side 
>’J&f of the bottle and strike the surface of the 

' i ; ' ' l j ! J T,>: ; water where the two lines cross; it will be 

ij jjjp • i found to be bent in the watrr towards the 

4 SI 3 -l ] [\t. ■ vertical line. 

mm it Pin method of proving laws of refrac- 

tion.— (a) Upon a piece of board A BCD 
(Fig. 152) place a sheet of paper, and upon 
1 the paper put a piece of fairly thick glass 

with parallel sides (a thick piece of glass 
' ^1 from a box of weights, a paper-weight, or 

Fir,. 151. — Bottle for > lum,,or sli P® niicTOSCOpO glass will 
illustrating refraction of do very well). Rule along the edges of 
light by water. the glass with a finely-pointed pencil. 

Place two pins, a, 5, as shown in the 
illustration, and then, looking through the glass from the other side, 
stick in the pins c, d, so that all four appear in a straight line. 



Fig. 152. — Pin method of illustrating refraction of light. 

(h) Now take away the glass and pins and join the pin-holes on 
the paper as shown in Fig. 153. Draw the normal ebf and the circle 
elfg. Draw Im and gk perpendicular to ebf, and compare the lengths 

lm , gk. Obtain the ratio ~ for different positions of the pins ; it 
gk 

will be found practically the same in all cases in which the same 
material is used. 

Notice that the direction of the ray cd , emerging from the glass, 
is parallel to that of ah. 

iii. Phenomena caused by refraction. — (a) Place a bright object, 
say a coin, on the bottom of an empty basin, and arrange your eye 
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so that the object is just hidden by the edge of the baBin (Fig. 157). 
Get somebody to pour water into the basin. You will now be able 
to see the coin without any movement of your eye having taken 
place. Evidently there has been a bending of the direction of the 
light rays somewhere. 

(b) Place a glass cell in front of a white surface brightly 
illuminated. Let the surface of the water be visible. Put a lump 
of ice on the water, and observe the streaky appearance of the 




Fio. 154.— Cell with plass aides 
for refraction experiments. 


illuminated part of the screen. Add syrup, alcohol, and hot water 
by a pipette. Notice that the light has not passed through 
uniformly. 

(c) Observe the shadow of the disturbed air above a stove or hot 
poker. Notice the apparent shifting of position of objects seen 
through such air. 

(d) Fill a glass cylinder with water, and place a coin at the 
bottom. On looking straight down through the water the coin 
appears nearer the surface than it really is. Hold another coin near 
the outside of the cylinder, and place it at such a height that the 
two coins appear at the same level. The amount by which the coin 
in the water is apparently elevated by refraction can thus be found. 
The length of the column of Water through which the coin is 
observed, divided by the distance from the top of the water to the 
outside coin, gives the index of refraction of water. 

(e) Repeat the experiment with methylated spirit. 

Refraction Of light. — Up to the present the light rays have 
been supposed to be moving through a uniform medium. When 
this is so, as has been seen, light travels in straight lines, and, 
if it meets a reflecting surface, it is turned back, according to 
the laws which have been studied. If, however, the light passes 
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from one medium into another of a different density the pro- 
pagation of the wave is no longer rectilinear : the passage from 
one medium into the other is accompanied by a bending of its 
path. This bending is known as refraction, and the ray is said 
to be refracted. 

Buies of refraction. — In Fig. 155 the shaded lower part of 
the diagram represents a denser medium than the unshaded 
upper portion. The word denser is used here, and in similar 
connections, to mean optically denser, and must not be confused 
with what has been said of the density of bodies in Chapter 

IT. Let RI •> represent a 
ray passing from the rarer 
r to the denser medium, or 
the ray incident on the 
surface of the denser 
medium at /. The angle 
( Iil makes with the normal 

j J at I is the angle of inci- 

\ / : dence. The ray is bent ; 

\ i instead of continuing its 

1 v'.. j r course in a straight line 

along IR, it is refracted 
and travels in the direction 
of IS, which represents 

F», — Gcornotriml^rqvrC8°ntatlon of the refracfced ^ the iingle 

SIP being the angle of 
refraction. The angle R'lS, which represents the amount the 
ray has been turned out of its original path, is called the 
angle of deviation. With the centre I and any convenient 
radius describe a circle, and from the points where it cuts 
the incident and refracted rays, perpendiculars on to the 
normal are drawn as in Fig. 155. A perpendicular is also 
dropped from the point R. It is clear from geometry that 
RF is equal to the perpendicular let fall on to the normal 
from the point where the incident lay cuts the circle. The 
ratio between the lengths of RF and SP is constant for the 
same two media, e.g. air and water, whatever the angle of 
incidence. This ratio is called the index of refraction. Its 
value for air and water is about J ; for air and glass roughly 
depending upon the kind of glass. 
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The laws of refraction are then : 

1. The incident ray, the normal, and the refracted ray are all in 
the same plane. The incident and refracted rays are on opposite 
sides of the normal. 


2. If a circle he described about the point of incidence, and per- 
pendiculars be dropped upon the normal from the intersections of 
this circle with the incident and refracted rays, the ratio of the 
lengths of these perpendiculars is constant for any two given media. 

Refraction through a plate with parallel sides.— In the 
case of a ray of light passing completely through a plate of 
glass, having its sides parallel, the ray is bent towards the 
normal when entering 
the glass, and away from 

the normal when emerg- ^ 

ing, so that its courso 
is as shown in Fig. 156. 

The ray is thus displaced c ^ x 

laterally, but it emerges , — . — . — " 

in a direction parallel s 

to its original direction. s 

The effect of refraction is 

in this case to cause the „ 

Fia. 156.— Refraction causes the object S to 
point o to be seen at >S . bo seen at s'. 

In constructing a dia- 
gram for any similar case, it should be borne in mind that 
when a ray passes from a less dense to a more dense medium, 
it is bent towards the perpendicular to the separating surface, 
and when a ray passes from a dense to a rarer medium it is 
bent away from the perpendicular to the separating surface. 

Various effects of refraction. — The common experiment 
with a coin at the bottom of a basin, where, being first hidden 
from view by the edge of the basin, it becomes visible again 
when water is poured into the basin, is explained easily by 
tracing out the path of the light. 

Tn Fig. 157 let c be the posit ion of the coin, in which it is just 
hidden so far as the eye is concerned by the edge of the empty 
basin. If the rays from the coin c be continued in straight 


lines these lines will evidently pass above the eye. Now when 
the water is put in, these rays, which before miss the eye, are 
refracted in passing out of the water and just enter the eye, 
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making the coin appear to be in the position c The right side 
of the vessel, if continued upwards, represents the normal, and 
evidently in passing out of water into air the light- waves are 
bent away from the normal. 

The same kind of construction applies to the case when an 
object is seen obliquely through a thick glass plate (Eig. L r >fi). 
The object is displaced and also made to appear nearer than it 
really is. 

The streaky appearance seen when the light from a lantern is 
passed through water containing ice is due to the repeated 
refraction of the light on passing into layers , of water of 



Fig. 1S7. — When the trough is empty the coin r is invisible to an eye at 
£, but when it is full of water the coin is seen at d. 

different densities (Expt. iii. ( b )). This reason, too, explains 
the results obtained when alcohol or syrup are mixed with water. 

The refraction of light in its passage from one medium into 
another of different density explains several other very familiar 
observations. A stick held in anything other than a perpen- 
dicular position in water appears to be bent upwards. If a 
straight stick is fixed upright in water and looked at from a 
point a few feet above the end, it will appear shorter than it 
really is, in the proportion of three to four, so that if a length 
of four feet is under water, it appears to be only three feet long. 
In the same way standing bodies of water always appear shal- 
lower than they really are on account of refraction. A pool of 
clear water when viewed from a point vertically above the 
surface only appears J of its actual depth. 
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60. REFRACTION THROUGH A PRISM. 

1. Pin method of tracing deviation by a prism.— Stand a prism 
upright, that is, upon one of its ends, upon a piece of white paper. 
Stick two pins into the paper in the positions Q, S (Fig. 158), place 
two more P , R, on the opposite side of the prism, so that the four 



Fia 158.— Pin method of tracing deviation of light bj^ a prism. 

appear in a straight line when looking through the prism. Draw 
the outline of the prism A lit 1 , and then take away the prism and 
the pins and connect the pin-holes as shown in tiie diagram, it 
will be found that the ray is bent towards the base of the prism 
both when it enters and emerges. 

Refraction through a prism. — When a. wedge-shaped piece 
of glass, or a prism, as it is called in optics, is interposed 
in the path of a ray of light from a small hole in the cap of 
a lantern, it is easy to see by watching the image of the hole on 
a screen that the image moves in a direction towards the base 
of the prism. This is because the ray is bent by its passage 
through the prism, so that on its emergence from the glass 
it continues in a new path inclined towards the base of the 
prism. The amount of bending experienced by the ray of light 
depends upon : 

(1) The angle between the inclined sides of the prism meeting 
in its edge, or the angle of the prism, as it is called ; 

(2) the material of which the prism is made, and 

(3) the nature of the incident light. 

If two prisms of the same angle and material are so arranged 
that the edge of one adjoins the base of the other, the second 
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prism undoes the bending of the first, and the ray as it leaves 
the combination of prisms continues its path in a direction 
parallel to the incident ray, though not, of course, in the same 
straight line with it. 

Path of a ray of light through a prism.— In Fig. lf>9 Jet the 
triangle abc represent a section of the prism at right angles to 

its faces, such as we 
should see by looking 
at the end of it. 
Suppose J)E is a ray 
of light striking the 
face ab of the prism. 
The light on entering 
the prism passes from 
the air into the glass, 
Fig. 250. — Construction to show the path of a nr -frnni n rnrpr into a 

ray of light through a prism. 01 J r ° m U T f TCT UlW . 

denser medium , and is 
bent towards a line drawn perpendicular to the face of the prism 
at the point where the ray of light strikes it. It consequently 
travels along the line EE' until it reaches the face ac of the 

prism. Here it passes from the glass into the air, i.e. from a 

denser into a rarer medium , and is, in such circumstances, bent 
from the perpendicular, and travels along the line E'J>\ In 
every such passage through a prism it is noticed that the light 
is always bent or refracted towards the thick part of the prism. 

61. REFRACTION THROUGH A LENS. 

i. The principal focus of a lens.— 1 To find the distance of the 
principal focus from tile centre of the lens, that is, its focal 
leuifth, it is only necessary to form an image of the sun hy it on a 
screen and to measure the distance between the lens and the screen. 

ii. Convex lens; law of distances.— 1 *lace a candle flame on one 
side of a convex lens and arrange a cardboard screen to catch the 
image on the other side. When the image is quite sharp, measure 
tin; distances of flame and screen from tin; lens. Using letters u, v, 
and f as with concave mirrors (p. 217), obtain several pairs of 
values for u and r, the lens being moved between each determination. 
Measure the focal length /as in Expt. fil i. 

Tt will be found tliat u, r, and f have values which satisfy the 
equation : 111 

u v f 

It should be remembered that u is the distance from the flame 
to the lens. 
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iii. The simple microscope. — If the flame be brought towards the 
lens, the screen must be moved away from it. At last the image 
cannot be obtained on the screen no matter how far off’ it is carried. 
This happens when the flame is at the principal focus of the lens. 
In this case and when the flame and lens are still nearer one another, 
no image is formed, for the rays of light now emerging from the lens 
are diverging. This is what happens when a lens is used as a 
magnifying glass or simple microscope and therefore held close to 
the object to be examined. The enlarged appearance is due to the 
divergence of the emerging lays. The image is not real, but is 
virt ual, and appears to be situated on the same side of the lens as the 
object. A virtual image is thus one which cannot becaught on a screen. 

Refraction through a lens. — Most lenses are of glass, with 
curved surfaces, which are portions of spheres. In some lenses 
one surface is quite plane. All lenses can be divided into two 



Fm. 100. — Parallel rays falling on a convex lens. 

classes — convex or converging, and concave or diverging. Con- 
verging lenses can be distinguished by their power of forming an 
image of a, distant object like the sun, or by that of magnifying. 
Concave lenses form no image in this way, and, moreover, 
instead of magnifying, they make objects appear smaller when 
viewed through them. 

To understand their action upon the course of rays of light 
through them it is simplest to regard them as being built up of 
parts of prisms in contact, as shown in Fig. 1 (>1, where a convex 
lens is built up in this way. A ray of light falling upon any 
one of these prisms is refracted towards its thicker part, and 
consequently they all converge towards a point, which, if the 
incident rays are parallel, is known as the principal focus of the 
lens, as Fin Figs. 100 and 101. 

The photographic camera in its simplest form consists of a 
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convex lens and ground glass screen which can be moved 
towards or away from the lens until a sharp image of the object 
to be photographed is obtained. The screen is now replaced by 
a prepared glass plate, coated with a substance, generally a 



compound of silver, which is extremely sensitive to the action 
of light. The plate is exposed to the light passing through the 
lens for a space of time varying from 1000th of a second to 
several minutes, according to the intensity of the light forming 
the image. The image is not visible till the plate has been 
“ developed ” and “ fixed.” In this way a negative is obtained in 
which light-coloured objects appear dark and rice versa. The 


B 



A' 


Firs. 10*2.— Formation of image by telescope. 

positive or ordinary photograph is made by printing through 
the negative on sensitised paper. 

The telescope.— -The principle of the refracting astronomical 
telescope can now be described. Notice in Fig. 1(3*2, the larger 
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double convex lens forming an image ah of tlie object AB. This 
image becomes the object to a second smaller, though in other 
respects similar, lens, placed near the eye. The second lens 
forms an enlarged image A' B' of this first image ah , in the way 
shown in the figure. A lens placed in the same relation to the 
smaller one as the larger in the figure is called the object glass , 
while the smaller one which magnifies the image formed by 
the first constitutes the eye-piece. 


CHIEF POINTS OF CHAPTER XV. 

Refraction of light.— A ray of light passing from a less dense 
to a more dense medium is bent towards the perpendicular to the 
separating surface, and conversely. The laws of refraction can be 
stated thus : 

1. The incident ray, the normal, and the refracted ray are all in 
the same plane. The incident and refracted rays are on opposite 
sides of the normal. 

2. If a circle be described about the point of incidence and perpen- 
diculars he dropped upon the normal, from the intersections of this 
circle with the incident and refracted rays, the ratio « f the lengths 
of those perpendiculars is constant for any two given media. 

Refraction by a prism. The deviation of a beam of light caused 
hy the action of a prism depends upon (or) the angle of the prism, (/<) 
its material, (r) the nature of t he light. 

Refraction by a lens. — Convex lenses make rays falling upon them 
tend to become converging ; concave lenses produce divergence. 
A lens may be considered as built up of prisms, which are in 
opposite directions in convex and concave lenses. The focus for 
parallel rays is called the principal focus. The law of distances 
for lenses is expressed in a simple equation very similar to that for 
concave mirrors. 


EXERCISES ON CHAPTER XV. 

1. A bright bend is placed at the bottom of a basin of water, and 
a person stands in such a position that lie can just see it over the 
edge of the basin. While he is looking, the water is drawn oft'. 
How will this affect his view? 

Draw a diagram showing the direction of a ray of light passing 
from the head through the water and the air in each ease. (P.T. 

1897 .) 
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2. A thick layer of transparent liquid floats on the surface of 
water. Trace the course of a ray of light from an object immersed 
in the water through the floating liquid to the air. (1897.) 

3. Describe an experiment to show the path of a ray of light 
which passes obliquely through a thick plate of glass. Illustrate 
your answer by a sketch in which you indicate clearly the path 
of the ray in the air before it enters the glass, in the glass, and 
in the air beyond the glass. (1898.) 

4. An upright post is fixed in the bottom of a pond which is 
three feet deep ; the top of the post is three feet above the water. 
How will the post appear to an eye about the level of the top of 
the post and four or five feet away from it? 

Draw a figure to illustrate your answer. * 

What will be seen as the eye moves further and further back 
from the post? (P.T. 1898.) 

5. Describe in detail, giving a sketch of the apparatus, an 
experiment to show that when a ray of light passes from water to 
air it is bent away from the perpendicular or normal. (1899, Day.) 

6. State the law r s of the deviation of light when passing from 
any medium to one of cl i lie rent optical density. (L.M. 1899.) 

7. A boy wades in a pond which everywhere reaches to about 
the level of his knees. On account of tin* water some of the pebbles 
with which the bottom is covered are invisible and others are not 
seen in their true places. Explain this, and illustrate your answer 
by a diagram. (Queens Soli., 1899.) 

8. A dot is made on a piece of paper, and a prism is laid on 
the paper, over the dot. An eye in certain positions now seems 
to see two dots. Draw a diagram to explain this. (P.T. 1902.) 

9. Explain why a convex lens is also called a converging lens. 

10. Give short accounts of (a) the photographic camera, (b) the 
telescope. 

11. If a thick piece of plane glass be placed w r itli one edge' resting 
on a page of print, the letters seen through the glass are displaced 
to one side or the other according to the position of the glass. 
Explain this. 

.12. Given a small source of light show how you would proceed 
to obtain parallel rays by using a double convex lens. 

13. A person arranges a basin of waiter and a candle in such 
a w r ay that the reflection of the candle on the water seems to him 
to be in the same straight line, as a coin at the bottom of the water. 
Draw’ a diagram to show the necessary arrangement, and give any 
explanation that you think necessary. (K.S.) 

14. A fish sw ims in a glass tank ; a person whose eye is above 
the level of the water seems to see two fish. Draw a diagram to 
illustrate this, and give any explanations you think necessary. (K.S.) 
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15. Objects seen through hot air rising from a chimney are 
noticed to flicker. Account for this fact. 

16. Common glass in a window pane distorts objects seen through 
it, while plate glass does not. Why is this? Illustrate your 
answer by a sketch. 



CHAPTER XVI. 


ANALYSIS OF LIGHT. COLOUR. 

62. DISPERSION. 

i. Dispersion by a prism. — In a piece of card cut a slit (P) about 
2 cm. long and 1 nirn. wide. Place the card, with the slit vertical, 
in front of a lish-tail gas Harm* (Fig. 1(»3). Arrange a prism (A) on 
a stand, so that it is of the same height as the slit, and has its 
refracting edge vertical. Between the slit and the prism place a 
lens (AJ. Catch the light emerging from the prism by a second 



Fig. 103.— Experiment to show the dispersion of light by a prism. 

lens (Ln). Move the position of the screen (S) until the coloured 
band of light is best seen. Observe that the light, is refracted 
towards the base of the prism and that it is decomposed into 
constituent colours, which art* differently bent by the prism. The. 
violet light is refracted most, and the red light least. Colours 
between these limits are bent by intermediate amounts. Name the 
colours you can see. 

234 
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The band of colour is called a spectrum, and an instrument con- 
structed on the principle of this experiment, a spectroscope ; the 
light is said to be dispersed by the prism. 

ii. Dispersion a consequence of unequal refraction. — (a) Place a 
red glass against the slit and notice that only a red image of the slit 
is visible. Still observing the screen, sub- 
stitute a blue glass for the red one. A blue 
image is seen, but not in the same position as 
the red one ; it is bent more away from the 
refracting edge of the prism. 

(/>) Place a second prism with its base in 



the same direction as that of the first. Notice 
a longer band of colour than in Expt. 0*2 i. 
is obtained, Jmt it is fainter. The amourtt 
of dispersion has been increased. 

(c) Place the second prism so that its base 
adjoins the apex of the first prism (Fig. 107). 
The band of colour disappears. 

(d) Substitute a hollow glass prism (Fig. 
101) filled with carbon hi -sulphide for the 
solid glass prism used in the preceding ex- 
periments. Observe the increased length of 
tlu' spectrum, owing to the greater dispersive 
power of the carbon hi -sulphide. 



Fio. 164. — A hollow 
prism for holding lit grids 
to show the decomposi- 
tion of light hy unequal 
refraction. 


Analysis of light by a prism.— When sunlight, or, as it 
is called, white light, is passed through a prism, it is decomposed 
or dispersed owing to the different refrangibility of the various 



Fici. p; r i. — To illustrate the decomposition of white light by a prism. 

hinds of light contained in it. An examination of the band of 
colour or spectrum will show that one colour shades imperceptibly 
into the next. There, is, then, a large number of waves of 
different lengths comprised in the white light from the sun, and 
each ray is bent to an extent depending on its wave-lcngtli. 
Refraction is accompanied by dispersion.— In all the cases 
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of refraction which have hitherto been considered, the pheno- 
mena have been described as if all the ether-waves contained in 
white sunlight are bent equally, but this is really not so. 
What is commonly called “ red ” light is not so much bent out 
of its path by a prism as “blue ” light. Or, expressing the same 
fact in another way, red light is less refrangible than the blue 
light. It is found by accurate experiments, which the student 
will find described in books on light, that the sensation of red 
upon the retina is due to the absorption of ether- w T aves which 



Fig. 166.— A spectroscope for the analysis of light by means of a prism. 

are long and the vibration frequency slow compared with those 
waves which when absorbed by the retina give rise to the sen- 
sation of blue. The shortest, most rapid waves are bent most ; 
the slowest, longest waves are bent least. The shortest, most 
rapid waves which affect the retina give rise to the sensation of 
violet. Since a prism bends ether-waves of different lengths 
unequally in this way, it provides a means of separating waves 
of different lengths from one another. Because they are bent 
differently the ether-waves are separated or dispersed by the 
prism. This may be expressed by saying that a prism can 
analyse light composed of waves of different lengths. 

If the decomposed sunlight, instead of being collected on a 
screen, be passed through a second prism similarly arranged, it 
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will be seen that the band is longer, or the dispersion is greater. 
The amount of dispersion also depends upon the material of 
which the prism is made. Glass produces a much greater 
amount of dispersion than water ; flint-glass possesses twice the 
dispersive power of crown glass ; carbon bi-sulphide, again, has 
even more dispersive power than flint-glass. 

Although a continuous band of colour is observed when sun- 
light, or limelight, or a gas- or candle-flame is seen through a 
prism, this continuous spectrum is not always produced. For 
when substances such as sodium, strontium, and lithium, or 
their compounds, are burnt in a non-luminous flame, and 
observed through a prism, a spectrum consisting of bright lines, 
which are different for different substances, is seen. A prism 
may thus be used, and is used, to analyse light. The light of 
incandescent sodium vapour, produced by burning common salt 
in a flame, when observed through a prism is characterised by a 
yellow line, and the lights emitted by other substances when 
burning are each distinguished by rays of particular colours 
and positions in the spectrum. 


63. RECOMPOSITION OP WHITE LIGHT. 

t Recomposition of light by a second prism.— Place a prism in 
front of an illuminated slit, as in Expt. 62 i. Observe the band of 



Fig. 107. —Recomposition of light by a second prism. 


colour, or spectrum. Place a second prism against the first: one, hut 
witli the refracting edge adjacent to the base (Fig. 167). This prism 
undoes the work of the first one, and no spectrum can now be seen, 
but only the illuminated slit. 
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ii. Recomposition by colour disc. — Upon a round piece of card 
paint sectors of the different colours contained in the spectrum, 

arranging the areas of the 
coloured sectors as nearly as 
possible in the proportion in 
which they occur in the spec- 
trum. 

Place the card upon a whirl- 
ing table (Fig. I 08 ) or upon 
a top, and rotate it rapidly, 
when it will be found that 
light from the card gives rise 
to the sensation of white or 
grey. .> 

Formation of white light 
from its constituents.— 




Fin. 168.. Rotating disc, to show tlic 
recomposition of the constituent colours 
of white light. 


dust as it is possible to 
analyse white light, splitting 
it up into its constituent 
colours or wave-lengths, so, 


by suitable arrangements, these separated or dispersed colours 
can be made to recombine, forming white light over again. 
This building up, or synthesis, of white light can be effected in 
the following ways : 


1 . By interposing a second prism with its angle reversed 
The dispersion of the first prism is neutralised, and the beam of 
light leaves the second prism in a direction parallel to the beam 
incident upon the first prism. 

2 . By the colour disc. 


The colour disc. — The explanation of the recombination of 
the separate colours of the spectrum by means of a rapidly 
revolving disc, as in Expt. 63 ii., is very simple. It is due to 
what is called the persistence of images on the retina of the eye. 


Each impression the retina receives lasts for a certain length of 
time — about one-tenth of a second. It is not an instantaneous 
impression only. Think of the common trick of whirling round 
a stick with a spark on the end which gives rise to the 
impression of a continuous circle of light. This is because the 
second impression of the spark is received by the eye before the 
first impression has died away. Similarly, the impression of one 
sector, say, a red one, has not disappeared before the next is 
received, and while these compounded impressions linger a third 


ANALYSIS OF LIGHT. COLOUR 


239 


one comes along. The blurred total of all these rapidly 
occurring impressions produces the greyish white tinge seen 
when a colour disc is whirled. 

Colour. — In every case the colour of a body depends on 
selective absorption or selective transmission. Of the coloured 
rays of white light one portion is absorbed at the surface of the 
body. If the unabsorbed portion traverses the body it is 
coloured and transparent ; if, on the contrary, it is reflected 
the body is coloured and opaque. In both cases the colour 
depends upon the constituents of white light which are left to 
reach the eye # after the other constituents have been absorbed. 
Bodies which reflect or transmit all colours in the proportion in 
which they exist in the spectrum are white ; those which reflect 
or transmit none are black. Between these extreme limits 
infinite tints exist depending on the smaller or greater extent 
to which bodies reflect or transmit some colours and absorb 
others. 

In the case of a blue glass the red and yellow rays of white 
light are absorbed, while the blue rays are transmitted almost 
completely, the green and violet less so ; hence the light seen 
through the glass is blue. 

Bodies have no colour of their own ; the colour of a body 
changes with the light which falls upon it. It is interesting to 
remember that this absorption of certain constituents of light 
necessitates a using up of energy. But since energy cannot be 
destroyed it is in these eases converted into heat. Theoretically, 
a blue glass would got hotter than a red one, because 4 the former 
absorbs all the red rays, and these have a greater heating effect 
than blue rays. 


CHIEF POINTS OF CHAPTER XVI. 

Analysis of light by a prism. — The points to ho remembered are : 

1. That if a beam of monochromatic light, that is, light of one 
wave length, traverses a prism, it is bent out of its original direction, 
but the amount* of bending pnxiu cod by any particular prism depends 
upon the colour of the beam of light used, being greatest for violet 
and least for red light. 

2. That if light from any source passes through a prism, it is 
broken up or analysed into its different components, each ray of 
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elementary colour that enters into the composition of the light being 
bent by a different amount. 



Red 

Orange 

Yellow 


Green 


Blue 


Indigo 

Violet 


White light can, therefore, like a chemical compound, be broken 
up into simpler elements. 

Recomposition of light — the colour disc. — The analysis of white 
light is noted above ; the synthesis, or recomposition, can be 
effected : 

1. By making the? coloured band or spectrum, produced when 
light has passed through one prism, traverse a second prism having 
its refracting angle reversed. 

2. By rotating a disc of cardboard painted in segments of violet, 
blue, green, yellow, orange and red. 

Colour of transparent bodies. — The colour of transparent bodies 
is due to the constituents of white light transmitted by them. 

Colour of opaque bodies. —The colour of opaque bodies is due to 
the constituents of white light which they reflect. 


EXERCISES ON CHAPTER XVI. 

1. Describe and explain the effects observed when cards coloured 
bright red, green, and blue respectively, are passed from the red to 
the blue end of the spectrum. (1897.) 

2. Some glass houses in which ferns are grown are constructed of 
green glass. Describe the appearance, to an observer in such a 
house, of a lady in a red costume carrying a book with a bright blue 
cover. Give reasons for your answer. 

3. How would you explain to a class of children the effect of 
a stained glass window upon sunlight ? What simple experiments 
would you perforin to convince them of the truth of 3'our statements ? 

4. A ray of white light is passed through a glass prism ; make a 
sketch showing how the direction of the ray is changed by its 
passage through the prism and the order of the colours seen w’lien 
the light falls on a screen. 

How would you show that w r hen tlieRe colours are re-combined 
white light is produced ? (1898.) 

5. Describe an arrangement by means of which a spectrum may 
be formed upon a screen. 
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If the light is made to fall upon a piece of red glass before reach- 
ing the screen, how and why will the spectrum be affected ? What 
would the effect have been if blue glass had been used ? (1897.) 

(>. How can it be proved that : 

(a) White light is a mixture of many colours ? (b) Different 
colours have different degrees of refrangibility ? (P.T. 1897.) 

7. What is meant by the dispersion of light ? On what fact does 
it depend ? 

8. Explain the term refrangibility as applied to a ray of light. 
Are rays of all colours equally refrangible ? 

9. It is sometimes said that “ red glass colours the sunlight red,” 
and that “ blue glass colours the sunlight blue.” Mention facts or 
experiments wjiioh show that this is not accurate. Put the state- 
ment in a more accurate form. (P.T. 1898.) 

10. Bright sunlight falls obliquely upon the surface of the water 
contained in a white china basin ; a penny is held near the surface 
of the water, and in such a position that its shadow falls upon the 
bottom of the basin. Parts of the shadow are found to be edged 
with colour. What colours may be observed ? On what part of 
the shadow is each to be seen V How do you account for the 
colours? ( K. ft. ) 


L.S. I. 
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TERRESTRIAL MAGNETISM. 


61 NATURAL AND ARTIFICIAL MAGNETS. 

i. Attractive property of lodestone.— Examine a piece of lode- 
stone. Lip it into iron filings. Observe that the filings adhere in 
tufts to certain parts of the Indestone. 

ii Directive property of lodestone. — Take a second piece of lode- 

stone which has been roughly 
’ • shaped so that the places where 

| the filings adhere art* situated 

I near its ends. Support the piece 

i of lodestone in a wire stirrup as 

i) shown in Fig. 169, and prove 

Y that even if at first arranged in 

■ — f any other way, the piece of 

lodestone, after swinging about 
^ 4 ' for some time, eventually comes 

M ' to rest along a certain line, and 

one end of the lodestone, which 
f von can mark with chalk, always 

. ^ .. . f points in the same direction. 

iii. Action between two lode- 
_wo ctones. — Leave the piece of lode- 

• ; * y\ stone of the last exercise sus- 

' ■ ’ v rV pended in its position of rest. 

Bring up the first piece of lode- 

F.o. 169.-A lodestone attmets iron atono to ™\ r<ls H SUC ** a 

filings, and, if free to turn, sets itself manner that one of the places 
in a definite direction. ’where the filings adhered points 

at the end of the suspended 
piece. Observe what happens. Now point it at the other end of the 
suspended lodestone and again observe the result. In one case 
attraction takes place, while; in the; other repulsion ensues. 

iv. Magnetisation by means of lodestone— Take a good .si/.ed sewing 
needle and fix it on the table with a little soft wax. Using the 
piece of lodestone from tin; stirrup in the last experiment, and 
beginning at the point of the needle, rub the end of the lodestone 
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along the length of tins needle, and when you get to the eye, raise 
the lodes tone and bring it again on to the point of the needle and 
repeat the stroking pro- 
cess. Do this about ten 
or twelve times. 

v. Properties of a 
magnet. — Examine the 
needle which has been 
rubbed witli the lode- 
stone. No change of 
appearance can be seen, 
but it will now attract 
iron filings at its ends. 

Support it in. a tiny 
stirrup (Fig. 170), and 
see that it arranges 
itself as the shaped 
piece of lodestone did. 

Also notice that while 
the X»oint is either at- Fig. 170.— Convenient methods of suspending nmg- 
traeted or repelled by wets to illustrate their directive properties, 
the end of the shaped 

lodestone, the eye is repelled or attracted, that is, behaves in an 
exactly opposite manner. 

The needle lias been made into a magnet, or has become magnet- 
ised. Most filings are attracted at its ends, which are in consequence 
termed the polts of the magnet. 




Fio. 171 .— Susponded bar magnet with iron filings adhering to its poles. 

vi. Artificial magnets. — Examine several forms of artificial magnets. 
Notice that some are in the shape of bars, others in that of a horse- 
shoe. 

Treat the har magnet in the same way as the shaped lodestone, 
thus : (a) Support in a stirrup, and see that it arranges itself along 
the same line (Fig. 171). 



244 


LESSONS IN SCIENCE 


(b) Dip both ends successively into iron filings. Notice and 
sketch the way in which the filings form a tuft. These ends are the 
poles. No filings adhere to the centre of the magnet. 

(c) Support the magnetised needle as in Kxpt. 04 v. Bring first 
one end of the bar-magnet, and then tin; other, up to the point of 
the needle. Notice and record the result. Repeat, using the eye 
of the needle. 

Lodestone. — Lodestone is a chemical compound of iron and 
oxygen which occurs in the earth’s crust. It is more com- 
monly known as magnetite. The name lodestone is reserved 
for those varieties which have magnetic properties ; it signifies 
“leading stone” and refers to the early use of this directive 
property for navigating ships. This mineral is 'found in con- 
siderable quantities in Scandinavia, Asia Minor, United States, 
and other countries. 

Artificial magnets. — The experiments already described 
teach several important facts. Lodestone is able naturally to 
attract iron filings. It arranges itself in a particular way when 
allowed to hang freely. It can impart these properties to 
pieces of steel, converting them into artificial magnets. These, 
in their turn, can make other pieces of steel into artificial magnets. 
All artificial magnets arrange themselves in the same way when 
freely suspended. In every respect an artificial magnet has the 
same magnetic properties as lodestone. 


65. PRIMARY LAWS OF MAGNETISM. 

i. Magnetic attraction and repulsion.— (a) Substituting the bar 
magnet for the shaped lodestone, magnetise another needle as in 
Expt. f>4 iv. 

(/>) Support the two magnetised needles, which you now have, each 
in a little stirrup. Allow them to swing freely and come to rest. 
On the ends of the two needles which point in the same direction 
stiek a piece of paper, or mark them in some other convenient way. 

{(') Leave one needle in its stirrup and take the other out. Hold- 
ing the needle in your hand, bring the mar ked end up to the marked 
end of the suspended needle. Notice repulsion. Bring the un- 
marked end of the needle in your hand up to the unmarked end of 
the suspended needle. Again notice repulsion. 

(d) Now bring the unmarked end of one against the marked end 
of the other. Notice attraction. 

(e) Substitute a soft iron-nail for the needle in your hand in the 
last experiment. Notice that when either end of the nail is brought 
up to the marked or unmarked end of the suspended magnetised 
needle, attraction ensues. 
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Since unmagnetised iron will attract both poles of a magnetic 
needle, we are led to an important conclusion, viz. that repulsion is 
the only sure test of permanent, magnetisation. 

ii. Action between poles of magnet and compass needle.— (a) Pro- 
cure an ordinary compass needle, which is simply a light magnetic 
needle supported as in Fig. 172, so that it can move easily in a 
horizontal plane. Notice 
that one end, which is 
marked, always points 
towards the north ; it is 
called the north- seeking 
end. Bring up towards 
this marked end of the 
compass needle that end 
of a bar-magnet which 
points to t he north, when 
it is freely suspended in 
a stirrup, and is marked 
with an N. Notice that 
they repel oik; another. 

Repeat tin; experiment 
using tin; unmarked, or 
south-seeking , end of the; needle and bar-magnet. Observe they 
similarly repel one another. 

(/>) Repeat the last experiment, only make the unmarked end of 
the bar-magnet approach the marked end of the needle. Observe 
that they rush together or attract one another. Similarly, notice 
that unlike poles in all circumstances attract one another. 

iii. Place a bar-magnet upon tin; table. Arrange a compass 
needle upon it so that its point of suspension is on the middle line 

of the magnet, where it 
is found no tilings ad- 
here. Set the compass 
needle swinging and then 
allow it to come to rest. 
Observe that the needle 
arranges itself, with its 
marked end pointing towards the unmarked end of the magnet. 
The reverse is true of the other pole of the needle (Fig. 173). 

We say the magnet exerts a directive force upon the needle. 
Put the needle in other positions on the magnet and notice the same 
fact. 

iv. Result of breaking a magnet. — («) Magnetise apiece of clock - 
spring. Kind which end is repelled by the marked end of a sus- 
pended magnetic needle*, and stick a piece of paper oil this end. 
Convince yourself that the other end of the piece of hardened spring 
is attracted by the marked end of the suspended needle. Observe, 
too, that the middle of t he piece of spring lias no effect on the needle. 

(h) Break the piece of spring into halves, and examine each piece 
by bringing the ends of the pieces in turn up to the suspended 
needle. What was, before breaking, the middle part of the piece of 



Fuj. 17^. —Unlike poles attract one another. 




246 


LESSONS IN SCIENCE 


spring is now found to affect the needle and to attract the iron 
filings. Each piece has become a perfect magnet. 

(c) By means of the suspended magnet ised needle, satisfy yourself 
that the other end of the half which is marked, is at tracted by the 
marked end of the needle, while the other end of the half which 
is unmarked, repels the marked end of the needle. 

Magnetic attraction and repulsion.— Experime nts like those 
now performed teach the rule referred to as the “ First Law of 
Magnetic Attraction and Repulsion,” which can be stated thus : 

Like magnetic poles repel one another. 

Unlike magnetic poles attract one another. 

It must, however, be noticed here that, although repulsion is 
sufficient proof that two like poles are acting upon one another, 
attraction is not necessarily due to the mutual action of two unlike 
permanent poles, since, as has been seen in Expt. i. (e) mag- 
nets can attract soft iron which has no permanent poles at all. 

Why a magnetic needle points to the north.— A compass 
needle always arranges itself with its marked or A end towards 
the magnetic north, because the earth acts like a bar-magnet. 
A certain part of the earth in the northern hemisphere acts like 
the unmarked or south-seeking end of the magnet, and attracts 
the marked end of the needle. The place where this attractive 
force is greatest is called the north magnetic pole, and though at 
first it seems contradictory, there must evidently be the south- 
seeking kind of magnetism at the north magnetic pole. The 
line in which the needle arranges itself is called the magnetic 
meridian. The student must avoid the common error of believ- 
ing that the south pole of a magnet points towards the north. 
The north pole of a magnet points towards the north ; and the 
question as to the kind of magnetism at the earth’s magnetic 
poles does not affect the names given to the poles of a compass 
needle or magnet. If it were possible to obtain a magnet with 
a north pole alone, this magnet would move bodily toward the 
north pole of the earth ; but as every magnet has two poles, the 
earth’s action is only directive. 

Lines of force. — When a bar-magnet is covered with a sheet 
of card or glass, arid iron filings are sprinkled on the card, if the 
card is tapped the filings arrange themselves along definite 
lines. The filings chiefly collect round the ends, which contain 
the poles of the magnet. The poles are found near the ends 
of the bar-magnet, where the magnetic power is most strongly 
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shown. A line joining the poles is called the magnetic axis. A 
line at right angles to the axis and midway between the poles is 
known as the neutral line or magnetic equator. It has been seen 
that there are no filings along this line, where the opposite 
magnetic properties appear to neutralise one another. Each 
filing acts like a tiny magnet. 

When two magnets are placed near one another, the lines of 
force due to their mutual action can be shown by means of iron 
filings. The curves in which the filings arrange themselves 
indicate the direction of the resultant magnetic force. 

• 

66. MAGNETIC DECLINATION. 

1. Magnetic meridian. — {a) Remove all magnets, also any pieces 
of iron, to a distance. Make circular holes in two pieces of card- 
board and fasten fine thread or silk fibres across each as shown in 



Fig. 174 — Determination of magnetic meridian. 

Fig. 174. Fasten these two pieces of cardboard to the ends of a bar- 
magnet and support the whole as shown in the illustration, bring 
the magnet to rest and mark the line of the? centres of the cross wires 
by brass pins stuck into the table. Draw the line ah. Reverse the 
magnet, so that the cross wires are now below it, and repeat. Draw 
aW. The line bisecting the angle between ah and a'W is the 
magnetic meridian. Why is it necessary to use pins of brass instead 
of ordinary pins in this experiment ? 

(b) Freely support above this line each of the magnets you have 
in order, viz., the shaped lodestone, the magnetised needles, and 
tilt; horse-shoe magnet. The horse-shoe magnet is best supported 
vertically by a thread. Notice that on coming to rest they all 
arrange themselves along the magnetic meridian. 

The line along which a freely suspended magnet arranges itself is 
known as the magnetic meridian, and it. can he at once romjhly 
traced for any place by the simple experiments you have performed. 

ii. How to And the geographical meridian. —Allow a freely -sus- 
pended compass needle to come to rest. Draw a line on the* table 
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to mark the direction of the needle. I hrough the point under the 
spot where the needle is supported draw a line inclined to the 



ll’alktr <jr lioutuil ±c 


Fio. 17/5. — The linen running down the figure show where the magnetic 
declination is the same ; the broken lines across the iigurc connect. points 
of equal magnetic dip. (From I'rof. S. 1*. Thompson's Lt.smns in lilectruuty 
and Magnetism. Macmillan.) 

mayiialic meridian you have just drawn, and at an angle to it equal 
to the magnetic declination of the place, which can he found from 
Fig. 175. The lines running from top to bottom are lines of equal 
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magnetic declination, and the numbers at their ends show tho 
number of degrees by which the north pole of a magnet sets west of 
true north at the present time in tho British Isles. 

Declination, or variation.— The magnetic poles of the earth 
do not coincide with its geographical poles. You will learn later 
what is known about the position of the former. Great circles 
round the earth, which pass through 


the geographical poles, are known 
as the meridians of longitude. 
Similarly, curved lines pointing to 
the magnetic north and south poles 
of the eartlf are called magnetic 
meridians ; and it is along one of 
these that a compass needle arranges 
itself. The angle between the geo- 
graphical and magnetic meridians of 
any place is called the declination 
or variation of that place (Fig. 17(5). 
Its value for any year at various 
places is recorded in the Nautical 
Almanac . At Greenwich Obser- 



Fio. 170 —Magnetic declination 
is the aiitfle between the magnetic 
and geographical meridians of a 
place. 


vatory in 1J)05 the declination was 10° 10' W. Having a com- 


pass needle and knowing the angle of declination it is easy to 
determine the geographical meridian through a place. The 
direction in which the compass sets itself is found, and then 
allowance is made east or west of this according to the 


declination of the place of observation. 


67. MAGNETIC DIP. 

i. Meaning of magnetic dip. — Take a knitting needle and support 
it by a fibre or two of unspun silk, attached by soft wax, so that it 
arranges itself horizontally. Now holding it carefully so as not to 
break the silk, magnetise it by the method of Expt. bo i. (a). Allow 
it to hang freely again. It- is no longer horizontal. One end dips 
down. By means of a compass needle ascertain which pole is 
dipping, and record your result. 

ii. Construction of a dipping needle. — A needle which is free to 
move in a vertical plane, but fixed as regards movement in a hori- 
zontal plane, is called a dipping needle. Either use a bought dipping 
needle, or make a simple form yourself such as the billowing : 

Select an m imagne tised knitting needle about b ins. long. Con- 
struct an axle for the needle in the following manner : Hold two 
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short pieces of copper wire on opposite sides of and at right angles 
to the length of the needle. Twist the ends of the wires together 
on each side so as to grip the needle tightly, and carefully straighten 
the twists. Make the wire surfaces as smooth as possible by heating 

in a gas flame and applying sealing 
wax, shaking off the excess of wax 
while still fluid. Apply a spot of 
sealing-wax so as to connect rigidly 
the axle to the needle. Make a 
support for the needle by cutting 
two rectangular pieces of sheet 
brass or copper (3 in. x i in.), 
rigidly connect them together at 
the base with theit short edges 
horizontal and A in. apart, and 
fix them to a suitable base-board. 
Attach a circular scale of 00° to one 
of the supports (Fig. 1 77). See 
whether the needle is truly bal- 
anced by supporting it by its axle 
on the knife-edges ; if necessary, 
adjust the position of the axle by 
slightly warming the sealing-wax 
joint and moving the axle along the 
needle. Carefully magnetise the 
needle. Place it on the knife-edges 
Fia. 177. — A simple form of dipping* with its axle coinciding with the 
needle. centre of the circular scale. 

iii. Determination of the angle 
Of dip.— (a) To make an accurate measurement of this angle you 
must be sure of one or two tilings. The needle must more in the 
plane of the magnetic meridian. One plan to ensure this is as 
follows : Carefully draw the magnetic meridian by Expt. 00 i., and 
then arrange the needle so 
as to lie directly above it. 

When set free the needle 
moves in the plane of the 
meridian. 

(/>) A better way, and the 
plan generally adopted, is 
first to rotate the needle 
until it stands quite verti- 
cal, in which case the plane 
of movement is at right 
angles to the magnetic meridian. Then turn the plane in which 
the needle is free to move through exactly iWF, thus making this 
plane to coincide with the magnetic meridian. 

iv. Explanation of angle of dip. — Magnetise a sewing needle as 
in Expt. 05 i. (a). Suspend it by a t hread so that it hangs quite hori- 
zontally. Bring it over the neutral line of a bar-magnet, and notice 
that it remains horizontal. Gradually move it towards the north- 



Fio. 17s % — Dip of a small compass needle in 
different positions over a magnet. 
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seeking end of the magnet. Observe that as the pole of the magnet 
is approached the needle becomes inclined with the south -seeking 
end downwards at larger and larger angles to the bar-magnet, until 
when it is over the magnet pole it is vertical. The angle which the 
needle makes with the bar-magnet corresponds to the angle of dip 
of a dipping needle. 

A dipping needle is simply a magnetic needle suspended in 
such a way that it is free to move in a vertical plane in a 
manner similar to that in which the magnetised knitting needle 
moves in Expt. f>7 ii. Fig. 179 will make 
the principle of its construction quite clear. 

The value the magnetic dip at Green- 
wich in 1905 was 60° 55'. 

Behaviour of the dipping needle at 
different places on the earths surface.— 

It has been seen that a needle assumes a 
horizontal position when above the neutral 
line, or magnetic equator, of a magnet. 

When above the poles of the magnet the 
needle stands vertical, and in intermediate 
positions the needle is inclined at a greater 
and greater angle as the pole is approached. 

Moreover, over the north-seeking end of the 
bar-magnet the south -seeking pole of the 
needle is below, whereas over the other 
end of the bar-magnet the north-seeking 
pole of the needle is in the lowest position. 

Precisely the same thing is observed in the case of the earth ; 
in some places the dip] ting needle adopts a horizontal position, 
and a line joining all those stations where this is so marks 
the magnetic equator of the earth. When the needle is moved 
away from this equator towards one of the magnetic poles of 
the earth, the dipping needle makes a larger and larger angle 
with the horizon, or, wliat is the same tiling, the angle of dip 
increases, until eventually the needle stands vertical, or the 
angle of dip is a maximum. When this is so the observer knows 
that one of the magnetic poles of the earth has been reached. 

Position of the earth’s magnetic poles.— The magnetic poles 
of the earth, which are located by the vertical position of the 
dipping needle in their immediate neighbourhoods, do not 
coincide with the geographical poles. The north magnetic pole, 



/ 


Fio. 179. — Magnetic 
dip at Greenwich. 
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at which there must be south-seeking magnetism, because the 
north-seeking pole of the dipping needle is the one which dips, 
is situated a thousand miles away from the north geographical 
pole at Boothia Felix in lat. 70° 5' N., and long. 96" 46' W. Its 
position was discovered by Sir James Ross in 1831. It is 
believed that a south magnetic pole is situated about lat. 73° S. 
and long. 147° E., but the exact position has not been located ; 
and certain evidence suggests that there are two south magnetic 
poles. 

The earth as a magnet. — The various phenomena, to which 



Pig. ISO.— Diagrammatic representation of magnetic condition of the earth. 

it lias been possible only to refer briefly, could be produced in 
a general way if a huge magnet or lodestone was arranged 
along a diameter of the earth with its south-seeking end under 
the north magnetic pole (Fig. 180). The position taken by tlie 
dipping needle is that which such a bar-magnet would cause it 
to adopt. The neutral line of the bar-magnet would be the 
position of the magnetic equator of the earth, and the magnetic 
poles of the earth would be over those of the magnet. The 
earth’s magnetic condition can, however, be 1 letter re]) resented 
by considering that there are two magnets within the earth, 
one much stronger than the other. Of course, it must be 
understood that no such gigantic magnets are hidden away in 
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the earth’s interior, hut the illustration affords a ready means 
of remembering the chief points which have been enumerated. 

The mariner’s compass. — Expt. C>6 i. (/>) has shown tliat every 
suitably supported magnet arranges itself in the magnetic 
meridian, and it is on this fact that the mariner’s compass 
depends for its construction. In the actual instrument, a flat 
needle is suspended by means of an agate cap, placed at its 


I 



Fio. l'U.— A compass card. 

centre of gravity. The cap works on a point in such a manner 
that the needle can move freely in a horizontal plane. On the 
top of the needle a card, divided as shown in Fig. 181, is fixed, 
care being taken that the centre of the needle is under the 
centre of the card, and the north-seeking pole of the magnet 
under the division marked north on the card. This north point 
is indicated in the figure by means of the flrur-de-Ua. With 
this arrangement the direction of the magnetic north pole is 
always seen by looking at the fleur-de-lis. The dotted line 
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indicates the direction of the middle line, from bow to stern, of 
the ship upon which the compass- card in the figure is supposed 
to be. When the man at the helm wishes the ship to travel in 
any particular direction, he turns the wheel until the recpiired 
point of the compass conies under the arrow on the dotted line. 
In Fig. 181 the compass-card indicates that the ship, the medial 
line of which is shown, is travelling in a N.N.E. direction. 


68. MAGNETIC INDUCTION. METHODS OF 
MAGNETIZATION. 

i. Magnetic induction. — ( a ) Place a piece of soft iron in a clamp or 
on a block on the table, and bring a magnet near one end. It will 
be found that so long as the iron and magnet are near one another, 
the iron is magnetic, but directly the magnet is removed, the soft 
iron loses its magnetism. Test the ends of the iron with a small 
compass and ascertain what is the nature of the polarity produced 
in the iron. 

(b) Repeat this experiment using a very strong magnet and a small 
piece of steel in place of the soft iron. Similar results will be 
obtained except that the steel retains its magnetism after the 
magnet is removed. 

ii. Induction by earth. — Hold an iron poker in the line of magnetic 
dip (p. 251) with its lower end near a compass needle. On tapping 
the iron a few times with a hammer, it will be found to become 
magnetic with a north pole at the end near the compass needle. 

Magnetic Induction. — The production of magnetism in this 
way without contact between the inducing magnet and the iron 
or steel is said to be due to Induction. 

In Experiment ii. the inducing magnet is represented by the 
earth, which corresponds to a very weak magnet. Tapping the 
iron is found to increase the strength of the induced magnetism. 
The iron poker need not be accurately in the line of magnetic 
dip; in fact it is a common experience to find workshop tools 
magnetic after they have been standing vertically for a while 
in a rack. However, a stronger effect is produced if the iron is 
actually in the line of dip. 

Methods of magnetization.— Artificial magnets may be 
made from steel bars in several ways. 

1. By rubbing with a lodestone as on p. 242. 

2. By rubbing with one or more artificial magnets. It is 
necessary to use the same pole, and to rub the steel in the 
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same direction the whole of the time. For, supposing the 
north pole to be used, and the direction of rubbing from left 
to right, then the new magnet will have a north pole on the left 
and a south pole on the right. The end last rubbed has a pole 
opposite in sign to that of the rubbing magnet. Now, a south 
pole being used in the direction of right to left will produce the 
same effect as a north pole moved in the opposite direction. 
Advantage of this fact is sometimes taken, the steel being 
magnetised by using two magnets at the same time. Com- 
mencing in the centre of the steel bar, and using the opposite 
poles of two magnets, these poles are rubbed on the steel 
towards the* ends, the magnets arc lifted, and the strokes 
repeated from the middle as many times as may be necessary. 

3. By passing an electric current round the steel as explained 
on p. 268. This is the way in which magnets are made at 
the present time, because not only is it a quicker process,- but 
the steel is magnetised much more strongly than by rubbing 
with magnets. 


CHIEF POINTS OF CHAPTER XVII. 

LodeBtone is a natural chemical compound of iron and oxygen 
which possesses the property (1) of attracting iron and steel filings ; 
(2) of coming to rest in a magnetic north and south line when freely 
suspended or balanced. 

Artificial magnets can be made by stroking a piece of steel in one 
direction with a lodes tone or an artificial magnet. In every respect 
artificial magnets have the same magnetic properties as lodestonc. 

Tlie primary law of magnetic attraction and repulsion is : like 
poles repel each other ; unlike poles attract each other. 

When a magnet is broken, each of the resulting parts is a magnet 
possessing both a north- and a south-seeking pole. 

Magnetic declination or variation is the angle between a true 
north and south lino (shown by a noon-day shadow) and a magnetic 
north and south line (shown by a compass needle). It differs at 
different places, and varies from year to year. 

Magnetic dip or inclination is the angle which a magnetic needle 
turning about a horizontal axis makes with the horizon when the 
vertical plane in which it moves coincides with the magnetic 
meridian. It varies from place to place and from year to year. 

A dipping needle simply consists of a magnet supported on a 
horizontal axis and free to move in a vertical plane. The needle 



LESSONS IN SCIENCE 


muse swing exactly in the magnetic meridian before the angle of dip 
at a place is measured. 

The earth's magnetic poles are the points through which magnetic 
meridians pass, and at which a dipping needle would set vertically. 
The north magnetic pole is in Boothia Felix, and a south magnetic 
pole is at lat. 7.T S., and long. 147° E. 

Magnetic induction takes place when a magnet- is placed near iron 
or steel. The magnetisation produced in the former substance is 
temporary, hut in the? latter it is permanent. 

Making magnets. — Steel may he made strongly magnetic by using 
two magnets and rubbing the steel with opposite poles from its 
centre towards the ends. The strongest magnets are made by using 
electric currents. 


EXERCISES ON CHAPTER XVII. 

1. Suppose you are given a small compass and two knitting 
neeclles, of which one is slightly magnetised and the other un- 
magnetised. How will you lind (1) which needle is which, and (2) 
which is the north-seeking end of the magnetised needle? (I\T. 
1898.) 

2. A bar-magnet is broken into four pieces. What magnetism do 
these pieces possess? How can you prove the truth of your answer? 
(P.T. 1898.) 

3. Two compasses are put near together on a table. In w hat- 
positions may the needles be expected not to disturb one another? 
How will the needles behave wiien one compass is put to the 
magnetic north-west of the other ? (P.T. 1898.) 

4. A magnet is embedded in a piece of wood. How r can the 
position in which it lies be determined without breaking the wood ? 

How r could you determine the magnetic north and south direction 
by means of such a hidden magnet? (P.T. 1897.) 

5. Explain the meaning of the following : 

(a) The mean declination at Greewich in 1896 was 16° 66' '5 west. 

(bj The mean dip in. Greenwich in 1890 was 67° 9'. State why it 
is necessary to specify the place and the year in wiiicli the observa- 
tions were made. (P.T. 1897.) 

6. Two darning needles are magnetised so that- the eye of each is 
the north-seeking end. They are hung up side by side, each by a 
separate thread fastened through the eye. What magnet ic action 
between them may be observed? How do you account for it? 
(P.T. 1902.) 

7. A piece of wood is fastened to a bar magnet in such a way 
that the latter will float horizontally. The magnet, is then placed 
in a basin of water. What results may be observed ? What do 
these results teach us about the magnetic force of the earth? 
(P.T. 1902.) 
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8. A compass and a magnetised knitting needle arc; laid upon a 
table. When one end of the knitting needle is placed close to the 
compass on the (magnetic) north side, the compass needle settles 
with its north -seeking end pointing to the (magnetic) north-west. 
Draw a diagram to show the directions of the various magnetic 
forces that keep the compass needle in the position in question. 
You may assume that the further end of the knitting needle is so 
far off that it does not influence the compass needle. (K.S.) 

9. Each of two magnetised knitting needles is suspended by a 
thread in such a way that it will hang horizontally. In what 
direction will each needle settle itself when uninfluenced by the 
other? What magnetic action between the; needles may be observed 
(l)when they are hung side by side, (2) when they are hung with 
the north -seeking pole of one just under the south-seeking pole of 
the other? (K.S.) 

10. What is a dipping needle? For what purpose would you 
employ it? How eould you satisfy yourself that the dip was not 
due to the gravitational action of the earth ? (K.S.) 

11. Describe the various methods of making magnets. Explain 
some simple experiments to illustrate magnetic induction. 


L.S. I. 
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STATIC ELECTRICITY. 


69. ELECTRIFICATION. 

i. Development of electrification by friction.- (or) Arrange a variety 
of small light fragments, such as pieces of paper, hran, saw-dust, in 
a heap upon the table. Vigorously rub a rod of glass with a piece 
of dry silk and hold it over the light fragments. Observe how they 
are attracted by t he rod. 

(b) Repeat the last experiment, using 

(1) Rod of scaling wax and flannel. 

(2) Rod of ebonite and a (rat’s skin. 

(3) Sheet of brown paper and a clothes brush. 

To obtain satisfactory results the rods and rubbers should 

be quite dry and warm. 
This can be ensured by 
placing them on sand con- 
tained in a baker's tray 
supported on a couple of 
tripod stands, or in some 
other suitable manner, and 
warmed by a Bunsen 
burner or two. The tray 
should be covered with 
a piece of sheet iron 
bent into the form of an 
arch. 

ii. Electrical attraction 
and repulsion.— (or) Make 
a stirrup out of stout 
copper- wire. Hang it from 
the ring of a retort stand 
by means of a thread or 
ribbon. Balance a round 
ruler in the stirrup. As 
in Expts. 66 i. (a) and (//), electrify a rod by rubbing and bring 
it near to the balanced ruler. Notice attraction. 
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(b) Substitute other heavy rods for the ruler and observe that all 
are attracted by the electrified body. Vary the experiment by 
balancing the rubbed, and consequently electrified, body on the 
stirrup, and holding the rods, which were previously balanced, in 
your hand, bring them up to the rod on the stirrup. Again attrac- 
tion takes place. 

(c) Repeat Expt. 69 i. (a) and observe that after the light particles 
have been attracted by, and touch, the electrified rod, they are 
immediately repelled. 

(d) Or, support two pith-balls by two cotton threads to a wire 
stuck in a rod of sealing wax supported as in Fig. 183. Bring the 
electrified rod near the balls. They 
are attracted by, and touch, the 
rod. This is ft jlowed by repulsion, 
and afterwards it will be observed 
that the balls repel one another and 
stand apart. 

iii. Two kinds of electrification. — 

(a) Rub a piece of glass tube with 
the piece of dry silk, and support 
it on the hanging stirrup. Then 
rub a piece of sealing-wax with 
flannel and bring the rod of sealing 
wax near the glass tube. Notice 
at traction. Record the fact that 
glass rul>l><!(] with silk is attracted Fla _ -Pit], -balls supported as 

by sealing wax rubbed with flannel. described in Experiment W ii. (0). 

Repeat the experiment, first nib- 
bing and supporting the sealing wax, and then bringing near it 
the rubbed glass tube. Notice the same result. 

(b) Support one piece of glass tube which has been rubbed with 
the silk rubber (in this ease it is advantageous to hang the stirrup 
by a silk thread) and bring up a second glass tube which has been 
similarly treated. Notice rejmhion. Record the fact that glass 
rubbed with silk is repelled by other glass similarly treated. 

Repeat the last experiment, using two sticks of sealing wax and 
a flannel rubber. Record the result. 

(c) Support a single pith-ball by a silk thread to a support with 
a varnished glass leg. Bring in contact with the ball a glass rod 
which has been rubbed with silk. 

(d) Using two pith-ball pend td urns, as the arrangement in the last 
exercise is called, one charged as in the last experiment, and the 
other similarly, but by means of a. piece of sealing wax rubbed with 
flannel, test the nature of the electrification generated on the 
rubbed body in each of t he following cases : (i. ) sulphur rubbed with 
fur; (ii.) sulphur with flannel ; (iii.) ebonite with silk ; (iv.) ebonite 
with fur ; (v. ) glass with flannel ; (vi.) amber with flannel. 

Electrification. — That some substances when rubbed acquire 
the peculiar power of attracting light bodies has been known 
from very early times. It was recorded by Thales (u.c. 600) 
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that amber when rubbed became different from all other sub- 
stances by possessing this power of attraction. The supposed 
cause of this property is called electricity, from the Greek word 
for amber (electron). Up till the end of the sixteenth century 
amber was considered to be unique. When, however, men 
began to observe and experiment, it was soon found that many 
substances behaved in a similar way. Substances which, like 
amber, became electrified by rubbing were called electrics. 

It is now known that, under suitable conditions, most, if not 
all, substances can be electrified by rubbing with a suitable sub- 
stance. A rod of sealing-wax rubbed with flannel will cause 
quite a flutter among fragments of tissue paper, and a sheet of 
warm brown paper, after stroking with a clothes brush, also 
will attract light bodies. 

In order that these electrical effects may be well seen, it 
is essential that the materials used be quite dry. The best 
way to ensure this is to place them in front of a clear fire 
or in an oven such as that sufficiently described in Expt. 09 
i. (/,). 

Electrical attraction and repulsion,— To obtain a fuller 
knowledge of electrification, it is necessary to observe more 
closely and to experiment with precision — that is, scientifically 
—on electrified bodies. Are all light bodies attracted, or only 
a selected few ? It is easy to detect even a small attraction 
when a body is suspended in an apparatus similar to Fig. 183, 
and some such form may be used conveniently. Small balls of 
various substances are easily attached, by means of thread, to a 
support having a varnished glass leg. Whatever the composi- 
tion of the balls, they are attracted without distinction by an 
electrified rod. If the electrified body itself is suspended, any 
substance brought near it will attract it. 

The attraction between a body that is electrified and one* that 
is not is mutual ; each attracts the other. When one of the 
suspended balls is allowed to touch the attracting rod, after 
a momentary hesitation, it flies away and afterwards refuses to 
approach the rod again. If two balls hanging together have 
been attracted and touched by the rod, not only are they 
repelled bv the rod, but they also repel one another (Fig. 183). 

Two kinds of electrification.- If a suspended ball is 
repelled by a glass rod which lias been rubbed with silk, a 
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piece of sealing wax rubbed with flannel will attract it. Thus, 
the sealing wax and glass, though both electrified, behave differ- 
ently. It is found that all electrified bodies behave either like 
the rubbed glass or like the rubbed sealing wax. Electrification 
is, then, of two kinds. Jt lias been seen that when an electrified 
body shares its electrification with another body, the former 
immediately repels the latter ; also that a glass rod rubbed 
with silk will repel another similarly treated. From such facts 
as these it may be concluded that bodies similarly electrified 
repel one another. Sealing wax rubbed with flannel will, how- 
ever, attract % glass rod previously rubbed with silk. It may 
be stated, therefore, that bodies oppositely electrified attract one 
another; but attraction must not be considered as a criterion of 
opposite electrification, for an electrified glass rod will not only 
attract an electrified rod of sealing wax or ebonite, but any 
electrified rod will attract an unelectrificd body. 

The names vitreous and resinous were given originally to the 
states of electrification of the glass and sealing wax respec- 
tively. When, however, it was found that glass rubbed with 
fur possessed the same kind of electrification as sealing wax 
rubbed with flannel those names fell into disuse. Instead of 
vitreous and resinous, the words positive and negative are now 
used. Glass rubbed with silk becomes positively electrified 
( + ly), while sealing wax rubbed with flannel is negatively 
electrified (- I v). When a body is electrified it is also said to 
be charged. 


70. ELECTRIC CHARGES. 

i. Equal and opposite charges. — (o) Make a flannel cap just to fit 
the (‘iid of a stout rod of sealing wax or other convenient substance. 
Attach a silk thread to the flannel cap. Sec that hotli rod and cap 
arc dry and warm. Have a positively charged pith-hall pendulum 
near. Rotate the flannel cap once or twice by pulling tin? piece of 
silk which has been previously wound round it. 

{It) Holding the cap by the silk thread, bring it near the +lv 
charged hall. Notice repulsion. The cap is therefore + Iv charged. 

(c) Touch the pith hall with a finger, and then charge it nega- 
tively by means of a piece, of sealing wax rubbed with flannel. 
Bring near it the end of the rod on which the flannel cap has been 
rubbed. Again notice repulsion. The rod was therefore - ly 
charged by the flannel cap. 
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[d) Put on the cap again and repeat the rubbing. Do not take 
off tile cap, but bring both up to an uncharged pith ball. There is 
neither attraction nor repulsion. 

ii. Conductors and insulators. — (a) Rub with a piece of dry silk 
a brass tube held in the hand. Bring the tube near to the cap of 
an electroscope. There is no divergence of the leaves. 

Procure a piece of brass to which a varnished glass handle lias 
been attached, and holding the rod by the glass handle, Hick the 
brass with the silk, or with a cat's skin. Now, quickly bring the 
brass in contact with the cap of the electroscope. Notice the diver- 
gence of the leaves. 

Try to think what causes the difference between this result and 
the former one. 

(b) Cause the leaves of an electroscope to diverge widely by means 
of small positive eharges from a proof plane, sueli as a metal disc 
attached to a glass rod. Touch the disc of the electroscope in 
succession with pieces of glass, sealing wax, solid paraffin, ebonite, 
and metal rod. 

Charge the electroscope again and touch the disc with the finger. 
Record your results. 

During electrification equal and opposite charges are 
produced. — So far only the thing rubbed has been con- 
sidered ; tlie glass has been observed and the silk neglected ; 
the sealing wax attended to and the flannel disregarded. 
But careful experiment shows that not only is the rod elec- 
trified but tlie rubber also. The electrification of one is of 
the opposite kind to that of the other. While the sealing 
wax becomes negatively electrified the flannel is positively 
charged. If a body is rubbed and the rubber left in position, 
no trace of electrification can be observed. The charges are 
produced in quantities which balance one another. When 
tlie bodies are separated, however, each shows its appropriate 
kind of electrification. 

Electroscopes. — An electroscope is an instrument for detect- 
ing the presence of small quantities of electricity. The instrument 
can also be used to determine the kind of electrification. A 
suitably suspended ball of pitli on a varnished glass leg, or on a 
stick of sealing wax, serves this purpose. Electrified bodies 
attract tlie ball. When, however, the ball is itself charged, 
by touching an electrified body, it enables the observer to 
discriminate further. 

Bodies electrified in a similar way to the ball repel it ; 
all other bodies attract it. It must be noticed carefully 
that attraction does not tell whether a body is electrified or 
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not. The attracting body may either be charged with the 
opposite kind of electricity to the pith ball, or it may be 
uncharged. With another pith ball charged oppositely to the 
body brought near to it, repulsion would be a sure test of 
electrification. 

The gold leaf electroscope (Fig. 184) is much more convenient 
in use than the pith ball pattern. Two forms of gold leaf 
electroscope are shown in Figs. 184 and 
185. In Fig. 184 the metal wire, carry- 
ing the gold leaves at one end and a 
metal disc aj the other, is supported in- 
side a glass tumbler in the manner the 
illustration makes clear. In Fig. 185 a 
bottle takes the place of the tumbler and 
the metal, wire passes through an india- 
rubber stopper in the neck of the bottle. 

The approach of an electrified body is indi- 
cated by the divergence of the leaves of 
the electroscope. This form of electroscope 
can be charged by carrying to it small 
quantities of electricity on a proof plane, 
that is, on a small metal disc fixed to a 
handle of varnished glass or sealing wax. 

Conductors and insulators.— The reasons for many pre- 
cautions, which it has been necessary to take, have not as yet 
been given. The varnished glass stand of the pith-ball electro- 
scope, the ebonite support of the metal carrying the gold leaves 
of the gold loaf elect roscope, and the varnished glass handle of 
the proof plane, are all provided for a definite reason. When 
the cap of a charged electroscope is touched by the hand or 
a metal rod, its charge disappears. Recharged and touched by 
a rod of glass, ebonite, or sealing wax, it is undisturbed ; its 
charge remains. 

The metal rod and the hand conduct the electric charge away. 
Along the glass, ebonite, or sealing wax, the electric charge 
cannot escape. Substances which allow electricity to pass along 
tli cm are called conductors ; ebonite and similar substances which 
prevent its flow, are called insulators. Consequently, to pre- 
serve an electric charge it must be separated from the earth 
by an insulator. 




264 


LESSONS IN SCIENCE 


71. ELECTRIC INDUCTION AND STORAGE. 

i. Induction. — Cause a charged rod to approach towards the disc of 
an electroscope (Fig. ISo). Notice the divergence of the leaves. 

Still holding the rod in the same 
position, touch the cap of the elect ro- 
soope. The lea ves completely collapse. 
Remove, first the finger from the disc 
of the electroscope, and second, the 
rod from the neighbourhood of the 
electroscope. The leaves again di- 
verge and remain divergent. Test 
the electrification of the leaves and 
convince yourself that the charge is 
of tlu? opposite kind to that on the 
rod. 

Draw a series of diagrams showing 
the condition of electrificat ion of the 
rod and parte of the electroscope 
during each of the stages of this 
experiment. 

Electric Induction.— When a 
body, charged electricu 1 ly, is brought 
near an insulated cylinder, which is connected by a wire to 
an electroscope, the leaves diverge. On removing the wire 
with an insulator the leaves remain divergent, that is, they 
have received an electric charge. 

If the charged body is now taken 
away the insulated cylinder, as 
well as the electroscope, is found 
to be charged. The charge on the 
cylinder is of the opposite kind 
to that originally used, while 
that of the electroscope is of the 
same kind. The mere nearness 
of the rod has caused a separ- 
ation in the cylinder of positive 
and negative electricity. This influence is called electric 
induction. 

If two insulated metal balls be placed in contact and a 
positive cl large brought near them (Fig. 180), each will, if the 
balls are separated while under the influence of the positive 
charge, be found to be electrified, the nearer ball with negative 





STATIC ELECTRICITY 


265 


electricity, and the more remote positively. Brought into con- 
tact again all electrification of the balls disappears. 

The charges arc not only opposite in kind but equal in 
amount. The action of the original charge, called the inducing 
charge, may be thought of as being the separation of the 
electricities, attracting near to it and holding fast the opposite 
kind while repelling the like kind of electricity. 

The charging of a gold leaf electroscope by induction affords 
a good example of what happens. When a negatively charged 
rod is brought near the disc (Fig. 185) induction takes place, 
positive electricity is drawn to the disc, while negative electricity 
is repelled to the leaves. The leaves, thus similarly charged, 
repel one another (Fig. 185). On now touching the disc with 
the hand all signs of electrification disappear and the leaves 
collapse. If now the hand is taken away and the charged rod 
removed, then the leaves once more diverge, this time with a 
positive charge. The repelled negative electricity was alone free 
to escape, the positive charge being held tightly bound by the 
attraction of the negative charge of the rod. On removing the 
rod the positive charge became, free also, spread to the leaves 
and caused them to repel each other. The electroscope is now 
charged by induction. The two kinds of electricity separated 
bv an inducing charge are spoken of as bound and free, from 
their behaviour while under the influence of the charge. 


CHIEF POINTS OF CHAPTER XVIII. 

Production of electrification. — Many substances when rubbed with 
suitable material are able to attract light bodies — they become 
electrified. 

Electrification is of two kinds, vitreous and resinous, or better-, 
positive and negative. These two kinds are always produced 
together in equal quantity. 

Attraction and repulsion. —Bodies charged with the same kind of 
electricity repel one another, those charged with opposite kinds, 
attract one another. 

Induction. — When a charged body is brought near an insulated 
conductor, the conductor is found t«> Ire charged ; the near side of 
the conductor having an opposite charge to that of the body, while 
the far side is similarly charged. The similar repelled charge is 
said to be free, while the opposite attracted charge is bound. 
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EXERCISES ON CHAPTER XVIII. 

1. How would you prove that an electrified body is attracted by 
an unelectrified body ? 

2. How would you prove to a class that there are two kinds of 

electricity ? ( 1 888. ) 

3. How would you prove that glass and silk when rubbed 
together are equally and oppositely charged? (1894.) 

4. Having given a gold leaf electroscope' and a piece of ebonite 
and cat's skin, what experiments would you make to determine 
whether the electrical charge on a given charged insulated body 
was positive or negative? (L.M. 1890.) 

5. How would you show that a brass rod is capable of being elec- 
trified ? Explain why on rubbing a brass rod and ?i glass rod the 
latter only ordinarily appears to be electrified by the friction. 
(1898.) 

6. The caps of two gold-leaf electroscopes A and 11 are connected 
by a long wire, and a positively charged sphere is brought near A. 
What will be the indications of the electroscopes, and how will they 
alter if either A or 11 is touched ? (1902.) 

7. Explain what is meant by electrostatic induction. 

Two small light pith palls are in contact, arid are supported by 
separate threads. A charged glass rod is brought in the neighbour- 
hood of the balls. What will happen (n) when the threads are wet 
and conducting, (b) when they are dry and insulating? (1905.) 
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72. THE ELECTRIC CURRENT. 

i. Fundamental experiments. — {a) Prepare some dilute sulphuric 
acid containing one part of strong acid to eight parts of water. 
First measure out the water into a large beaker, and then gently 
pour the measured quantity of strong acid into the water, keeping 
the latter briskly stirred with a glass stirring rod. Notice the 
large amount of- heat generated and set the mixture on one side 
to cool. 

{b) Plunge a strip of commercial zinc into a beaker of cold dilute 
sulphuric acid prepared as in the last experiment. Notice the brisk 
evolution of gas which takes place. 

(r) Repeat the last exercise' .substituting first a rod of pure zinc 
and then a strip of copper. Observe that there is no chemical action 
in either ease. 

(d) Place the rod of pure zinc and the strip of copper into the; dilute 
acid, taking care that the two metals do not touch one another. No 
gas is given oil’ from either metal. 

Now tilt the pieces of metal towards one another until they touch 
outside the liquid. Observe that hubbies of gas appear on the copper 
plate. 

ii. Amalgamated zinc. — Prepare a plate of amalgamated zinc by 
dipping a plate of ordinary commercial zinc into dilute sulphuric acid, 
and, after it has been acted upon for a minute or two, rubbing some 
mercury completely over its surface wit h a piece of cloth. Repeat 
Expt.72 i. (c), and observe that amalgamated zinc behaves just like 
pure zinc. 

iii. Magnetic action of electric current.— (nr) Into some dilute 
sulphuric; acid contained in a beaker plunge a plate of amalgamated 
zinc and one of copper, to eaeli of which a copper wire* is attached 
by a suitable binding screw. Procure; an ordinary compass 
needle, and bring this up and try to arrange matters so that the 
wire in connection with the copper and zinc plates is parallel to 
the magnet and in the same vertical plane. Notice the deflection 
of the magnet. 
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(i b ) Wind a cotton -covered wire which is connected with the 
copper and zinc plates round a piece of galvanized iron, as in 
Fig. 1ST. Notice that the piece of iron will attract iron filings. 



Fig. 187. —To illustrate Exercise 7'J iii. (?>). 


iv. Polarisation. — Repeat Expt. 72 iii. («), and notice that after a 
time the force which the wire exerts over the magnetic needle 
becomes feebler. Rub the copper plate with a piece of wood until 
all the hubbies of gas which hail collected have? disappeared, and 
notice that the power of the wire to deflect the magnetic needle is 
regained. 

The simple cell. — When a piece of commercial zinc is placed 
in dilute sulphuric acid, bubbles of gas escape from the liquid. 
This is an example of chemical action. The zinc ceases to exist 
as zinc, while a new substance, the gas hydrogen, makes its 
appearance (( hap. XXV.). A rod of copper, or rods of pure, or 
amalgamated, zinc are unaffected by weak sulphuric acid ; con- 
sequently, on placing copper and zinc rods in the acid, without 
bringing them into contact, no effect is observed ; when the 
metals are made to touch — either inside or outside the liquid — 
bubbles of the gas hydrogen are rapidly given off from the 
copper plate. This connection of the metals, therefore, seems 
to be an essential condition of activity in the cell. It is not 
necessary actually to make tlie metal plates touch. If they are 
connected by means of a wire outside tlie liquid the same effect 
takes place. 

if* now a small magnetic needle is brought near this wire, the 
wire is found to have acquired a new power. The needle is dis- 
turbed as though in the presence of another magnet. Similarly, 
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if the wire is wound round a piece of soft iron, such as a strip 
of galvanised iron, and its ends kept in contact with the metals, 
the soft iron becomes a magnet under the influence of the 
wire connecting the copper and zinc plates. The wire is 
now said to have a current of electricity, or an electric current, 
passing along it. The electric current flows, outside the liquid, 
from the copper to the zinc. The part of the copper plate 
outside the liquid, and with which the zinc plate is connected, 
is referred to as the positive pole, and the part of the zinc plate, 
with which connection is made, is termed the negative pole. 
This apparatus for producing an electric current is known as a 
simple voltaic cell. 

Polarisation. — The electric current in the wire is neither 
permanent nor constant; it wanes and finally ceases. Simul- 
taneously, the action in the liquid is found to have ceased, and 
on examination the copper is found to be covered with adhering 
bubbles of gas. On brushing off these bubbles, the chemical 
action in the cell recommences, and an electric current again flows 
through the wire, which regains its power of influencing a neigh- 
bouring magnet. The accumulation of gas on the copper plate 
appears to choke the cell. This effect is called polarisation. A 
cell so impeded by the products of its own activity is said to be 
polarised. 

The simple voltaic cell, on account of the defect of polarisation, 
is not of practical importance. The cells in common use get rid 
of the obstructing gas either by mechanical or chemical means. 
In cells depending oil the first method the negative plate is 
roughened, thus facilitating the escape of the gas. Those in 
which chemical means are used are of many types. 


73. TYPES OP VOLTAIC CELLS. 

i. Dani ell’s cell. — Examine tin* parts of a Danicll cell. Connect 
covered copper wires to the binding screws -one connected with 
the outer copper vessel, the other with the rod of zinc. To charge 
the cell proceed as follows: Fill the inner vessel with dilute 
sulphuric acid, and then three parts fill the outer vessel with copper 
sulphate solution. 

ii. Bunsen's cell. — Examine' a Bunsen cell. Fit up and charge it, 
and, in the same way as before, satisfy yourself that an electric 
current is circulating. Also notice that a small spark occurs when 
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the ends of the two wires from the carbon and zinc poles are 
brought together and separated suddenly. 

Daniell’s cell. — In most of the cells in which polarisation 
is prevented by chemical means, there are two vessels one 
placed inside the other. The inner one is made of porous 
earthenware which permits a slow passage through it of the 
liquids on either side of it. In Daniell’s cell the outer vessel is 
of copper and serves as the copper plate. This outer vessel 
contains a solution of copper sulphate (blue vitriol), the strength 
of which is maintained by placing some crystals of the same 
substance on a tray, which extends round the top • of the inside 
of the copper vessel (Fig. 188). The inner porous pot contains 




Flo. ISO. — A liuiiKCii cell. 


dilute sulphuric acid into which dips a rod of amalgamated 
zinc. In this cell the hydrogen, which would otherwise be 
deposited on the copper vessel, as in Kxpt. 7 m l i. (</), acts on the 
copper sulphate and converts it into sulphuric acid, while the 
copper from the blue vitriol is harmlessly deposited on the 
copper vessel. 

Bunsen’s and Grove’s cells,— The only difference between 
these two kinds of voltaic cells is that, whereas, in the former 
a piece of hard carbon replaces the copper plate, in the latter 
there is a plate of platinum. Owing to the cheapness of the 
carbon, Bunsen’s cell is the more commonly used. 

In Bunsen’s cell there are two separate vessels ; the 
inner smaller one alone is porous and is filled with strong 
nitric acid, into which the piece of carbon dips. The outer 
vessel contains dilute sulphuric acid, and in it is placed a zinc 
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plate, which is usually made cylindrical in shape. The arrange- 
ment of the parts is easily understood by a reference to Fig. 189 . 

The hydrogen -destroying agent in both these cells is nitric 
acid. As soon as hydrogen is formed, instead of adhering to the 
platinum or carbon plate, it reacts with the nitric acid, giving 
rise to poisonous red fumes which escape into the air. 

74. MAGNETIC ACTION OF ELECTRIC CURRENTS. 

i. Magnetic field due to a current.— (a) Arrange the wire, which 
in Expt. 72 iii. (a) connects the plates of the voltaic cell, in a 
vertical position. Hold a 
compass needle at the side 
of the wire and then pro- 
ceed to move it slowly 
round the wire. Change 
the connections of the 
wire with the battery and 
try again. Record your 
observations. The needle 
always tends to set itself 
at right angles to the line 
joining its centre to the 
nearest part of the wire. 

{!>) If a very strong 
current — say that from 
six quart Bunsen cells — 
is available, perform the 
following experiment : Be- Fas. UK). —Map of the magnetic field pe»]»eu- 
fore connecting the vertical dieular to a wire conveying a current, 

wire in the last experi- 
ment with the poles of the battery, thread on it a fairly large piece 
of cardboard through which a hole has been punched. Connect up 
the battery. Fix the card horizontally by means of a wooden 
universal joint, and sprinkle iron filings upon it. tlontly tap tin* 
card and observe and sketch the arrangement of the filings in the 
neighbourhood of the win? ( Fig. 190). 

ii. An electro-magnet. — Bind covered copper wire around a 
horse-shoe, or a fl -shaped piece of soft iron, so as to make an 
electro-magnet having opposite polos at the t wo ends (Fig. 192). 

Magnetic field due to a current. — Magnets placed in the 
neighbourhood of an electric current are influenced by it. 
Electric currents are surrounded l>v magnetic fields. The 
strength of such a magnetic field is found to depend on the 
strength of the electric current, and the direction of the lines 
of force to depend on the direction of the electric current. If a 
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small pivoted magnet is moved in the vicinity of a vertical wire 
along which an electric current is flowing, it will be noticed that 

the needlealways tends 
to set itself at right 
angles to the line join- 
ing its centre to the 
nearest part of the 
wire. It has been 
shown already that a 
small magnet in a mag- 
netic Held always takes 
up a definite position 
along a line of force. 
Expt. 74 i. (b) shows that around a wire carrying a current the 
lines of force are concentric circles with the wire as the centre 
of the circles. By passing the 
vertical wire through a hori- 
zontal card on which are 
sprinkled iron filings, the 
structure of the field of force 
is clearly seen when the card 
is tapped (Fig. 190). A north 
pole introduced into such a 
magnetic field would circle 
continually round the wire 
carrying the electric current. 

Electro-magnets. — A coil 
of wire conveying a current 
can act like a magnet. On 
placing an iron core inside 
the coil, its magnetic strength 
is greatly increased. For the 
time being the iron becomes 
a magnet, and the magnetic 
power of the combination 
exceeds very much that of 
the current alone. Such a combination is called an electro- 
magnet (Fig. 191). When the iron core is bent into the 
form of a liorse-shoe, we have the horse-shoe electro-magnet 
(Fig. 192). In winding this form of magnet, care must he 
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taken that the ends of the horsc-slioe care of opposite polarity. 
For lifting purposes the horse-shoe form of magnet is very 
effective. 

By employing very soft iron, wrapping many turns of wire 
round the iron, and passing a strong current through the 
coil of wire, an electro- magnet of enormous power may be 
constructed. 


75. GALVANOMETERS. 

i. Direction in which a magnetic needle is deflected by the electric 
current. — {a) tjsing whichever kind of cell is most convenient, proceed 
to study the action of an electric current upon a compass needle 
placed in the magnetic meridian. Stretch a piece of covered copper 
wire, about a yard long, between two universal joints, and arrange 
it in the magnetic meridian. Name one end A the other B. To 
each end of this wire, attach binding screws of 
the pattern shown in Fig. 103. Put an ordinary 
compass needle under the wire and let the 
needle come to rest ; it will of course, in the 
circumstances, he parallel to the wire. Connect 
the wires from a single voltaic cell with the t - I( . 19 o _ A binding 
binding screws attached to the wire A B. Notice screw, 

and record the direction in which the marked 
end of the magnetic needle is deflected. Disconnect the wires from 
t he battery, and reverse the connection with the wire A />. Observe 
that the marked end of the needle is now deflected in the opposite 
direction. 

(h) Repeat the exercise, this time arranging the magnetic needle 
a ho ve the support. Notice and record the way in which the needle 
is deflected. Connect the wires in the second way described in the 
last experiment, and again observe and record the direction in which 
the needle is deflected. 

Make a table of the results. 



Direction in which 

ClKKKNT KI.IIWS AI.ONli 
WIRE AH. 

I'O.MTIoN OF NeKULK. 

Direction of Dkfi.fttion 

OF M MIKED END Ol- NEEDLE 
VIEWED FROM AKoVK. 

Example — 

From A to B 

lido in 

j <o ha 




(r) Place the compass needle in the magnetic meridian as before, 
and connect the terminals of the voltaic cell with the copper wire 
AB. Observe and reoord the direction in which the north end of tho 
L.s. I. s 
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noodle moves for the four following cases with the wire AB vertical : 
(i.) near north end and current running down, (ii.) near north end 
and current running up, (iii.)ncar south end and current running 

down, ( i v . ) near south end 
and current running up. 
Remember that the current 
flows from the carbon or 
copper outside the cell. 

ii. Principle of the galva- 
nometer. - Support the com- 
pass needle on a piece of 
cardboard, held horizontally 
in a clamp; now bend the 
wire AB so t?.iat the needle 
can be arranged in the loop 
of wire formed (Fig. 194). 

Fir.. 1<J4.— Principle of the galvanometer. Arrange the loop of wire and 

the needle in the magnetic 
meridian, pass the electric currant, and notice the amount of 
deflection of the needle. 

(t>) Now coil the wire so that there are two lengths above and 
below the needle, and repeat the previous experiment. The deflec- 
tion of the needle is greater than lx ‘fore. This experiment illustrates 
the principle of construction of the yalvaiwnntvr. 

Ampere’s rule.— It is often desirable to know in what direc- 
tion to expect the deflection of a magnet which is being influenced 
by ail electric current pass- 
ing along a wire ; or, from 
the magnet’s movement to 
determine the direction of 
flow of the electric current. 

By placing a wire carrying 
an electric current in various 
positions near a suspended 
coni] iass needle, a simple re- 
lation is discovered between 
the direction of movement 
of the marked pole and 
the direction of the current. 

Ampere's rule. One of the most convenient, wavs of expressing 
the rule is to say : If the fingers of the right hand are made to 
point along the direction of the current when the palm of the 
hand faces the magnet pole, the outstretched thumb will 
indicate the direction in which the marked or north pole tends 
to move (Fig. 195). 
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Galvanometers. — To detect an electric current, use is made of 
the fact that it can deflect a magnetic needle in its immediate 
neighbourhood. When the direction of the deflection can be 
observed easily, and the amount of such deflection bears a 
definite relation to the strength of the electric current causing 
it, the instrument is called a galvanometer. Fig. 190 represents 
a simple type of such instrument. On applying Ampere’s rule 
to each part of each turn of the wire it is found that in a 
galvanometer the tendency is everywhere to move the magnet 
pole in the same direction. The effects, too, are added together 
in the instrument so that even a weak current may make itself 
apparent. With the same current, the deflection shown by the 
galvanometer is greater as the number of turns of wire is 



Kin. I! Hi. — A simple fralvnnomotor. The short compass needle has a light 
pointer iixod at right angles to it. 

increased. To use the instrument, it is so arranged that the 
electric current, the direction and strength of which it is 
desired to measure;, passes through the coil of wire round the 
needle. The current enters bv one terminal, flows round the 
coil, and leaves by the other terminal. The coil itself is always 
kept in the magnetic meridian parallel to the direction of the 
undisturbed needle. On the passage of the current the needle is 
turned out of its normal position. From the magnitude of the 
angle of deflection of the needle the strength of the current can 
be calculated, if certain facts about the instrument are known. 

If the magnetic force tending to hold the needle in the mag- 
netic meridian is increased, a stronger electric current will be 
required to produce the same deflection of the needle as before. 
The galvanometer, in other words, will have become less sensi- 
tive. This state of affairs is sometimes required. The earth’s 
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magnetic field can be aided, in such circumstances, bv placing a 
bar-magnet in the magnetic meridian, with its marked or North 
pole pointing North, so that the South end attracts the North 

pole of the galvanometer needle. 
t The galvanometer needle under the 

I! influence of this combined field is 

p less easily deflected, and is suited 

f now to respond to currents of 

( increased strength, 
j If the galvanometer coil is used 

in an East and Westj. position the 
passage of a current will probably 
leave the magnetic needle midis- 
I turbed. The newly created mag- 

A ; netic field due to the current will, 

in this case, either be in the same 
|| j direction as that of the earth, or 

, exactly opposed to it. If the first 

"*m/7 state of affairs holds good, the 

' • magnet is simply confirmed in its 

■mf normal position, while if the second 

set of conditions obtain, the needle 
w ' may swing round completely, so 

| „ that its marked end now points 

f south. 

/V The mirror galvanometer.— 

^Tjm r When an instrument is required 

to detect very weak currents or 
; currents of short duration, a 

^ ~ mirror galvanometer is employed, 

.jb The ])rinciple of this instrument- is 

4^ the same as that of the simple gal- 

Fio. 107. — A mirror galvanometer, vanometcr. It owes its great- sen- 
sitiveness to a number of different 
causes. Tin; small magnet or magnets, are attached to a tiny 
mirror, and are delicately hung by a silk fibre in the centre of 
a large coil of many turns of wire. The mirror is made to 
reflect the image of a wire on to a horizontal scale, and any 
disturbance of the needle, causes a magnified movement of the 
image of the wire on a scale (p. 216). The image of the wire 
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can be adjusted, and the sensitiveness of the instrument 
altered, by means of a directing magnet sliding in a vertical 
rod (Fig. 197). 


76. ELECTRICAL RESISTANCE. 

i. Electrical resistance. — Connect one pole of a Bunsen’s cell 
with one of the binding screws of a galvanometer. .Join the other 
binding screw of the galvanometer and the other pole of the battery 
with a yard of line German -silver wire. Notice the amount of 
deflection of the pointer. Substitute a yard of thinner German- 
silver wire for the lirst piece, and again notice the deflection. It 
will he muclf less. Similarly compare the electrical resistances of 
pieces of thick and thin copper wire. 

ii. Heat produced by the current.— Connect the poles of a strong 
battery to the ends of a short tine platinum wire. The platinum 
rapidly becomes red hot. If silver wire of the same diameter he 
substituted for the platinum the heat noticed is practically nothing. 

Difference of potential or electro-motive force.— A wire 
connecting the poles of a Bunsen or other cell is said to have an 
electric current flowing along it. The use of such words as 
“flow” and “current” will probably suggest previous facts 
which the student has learnt. It has been seen that a flow of 
heat takes place from a body of high temperature to one of low 
temperature when the bodies are placed in contact, and that 
such flow continues until both bodies are of the same tempera- 
ture. Similarly, there is a flow of water from one vessel to 
another, when they are connected, if the level of the water in 
one vessel is higher than in the other. Hence we are face 
to face with the question, What: difference, is there between 
the poles of a cell which causes the condition of things called 
the electric; current? The name given to the difference of 
condition in the plates of the battery which corresponds to 
temperature and water-level is difference of potential. The 
electric current continues to flow along the copper wire until 
the potential of the two plates becomes the same ; then the 
current ceases. 

There is another way of regarding the flow of electricity. It 
has been seen that matter requires a force to move it or to 
change its motion. It is customary also to speak of the force 
which causes the flow of electricity. Regarding the cause of 
the electric current as a force, it is generally spoken of as 
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electro-motive force— that is, the force which tends to cause 
a movement of electricity. The cause of the electric current 
is then spoken of either as a difference of potential or as an 
electro-motive force, often written E.M.F. 

Forces of two kinds have now been mentioned, and these 
should be carefully distinguished ; one is a. matter-moving or 
matter- motive force, the other is an electricity-moving or 
electro-motive force. 

If several different voltaic cells are made in succession to 
send a current through the same galvanometer, the amount 
of current sent will vary in each case. Each cell urges the 
current in a different degree. The cells differ in tfiectro-motive 
force. 

Cause of the electric current.— The difference of potential 
between the poles of a battery which causes the How of elec- 
tricity is maintained by the solution of the zinc in the acid. 
Or, expressed in terms of energy, the work of maintaining 
the current- is performed by the solution of the zinc. This 
is similar to tire maintenance of the work done bv a steam- 
engine by the burning of the coal in the furnace. It is for 
this reason that the zinc decreases in weight after the electric 
current has flowed for some time along the wires joining the 
poles of a voltaic cell. 

Electrical resistance. — Not only does eloctricitv, like matter, 
require a force to move it, but its motion, like that of matter,’ 
mav be impeded and stopped. Bodies which allow electricity 
to flow along them are called conductors (p. ilCul). Sub- 
stances difler greatly in their capacity to conduct electricity. 
All conductors, however, offer some resistance to the passage 
°f an electric current. If two perfectly similar cells arc used to 
send electric currents through wires of the same substance and 
length, but of different diameters, the current through the 
thicker wire will be the greater. The thinner wire uflVrs a 
greater resistance. With the same E.M.F. a weaker current 
flows through a long wire than through a short one. There is a 
good analogy between the flow of electricity along conductors 
and the flow of liquids through tubes. With the same pressure 
urging it, water flows in greater quantity through a wide 
tube than through a narrow, and the resistance to its flow is 
less in a short than in a loim one. 
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Different substances resist the passage of an electric current 
in different degrees. Through some, the electro-motive force 
can barely force the current at all, while through others it flows 
with considerable strength. 

Referring again to the analogy of the passage of an electric 
current through a wire and the flow 7 of liquids through tubes, 
the substance of high resistance would be represented by a 
tube corroded and choked witli dirt, while the good conductor 
corresponds to a clean tube permitting an uninterrupted flow of 
liquid. 

Heating of wire by the electric current.—' The quantity of 
heat produced in the wire depends upon the resistance of the 
wire, the strength of the current and upon the time during 
which the current passes. The quantity of heat produced in 
a wire may be measured by twisting it into a spiral and placing 
it in a test tube containing a known weight of water and a 
thermometer. 

A very familiar instance of the heat produced by a current is 
the glow' lain]), the carbon of which oilers very considerable 
resistance and consequently becomes red hot. 


CHIEF POINTS OF CHAPTER XIX. 

The simple cell. — When plates of cupper and zinc, immersed in 
dilute sulphuric aeid, are connected outside the liquid hy a wire, 
huhhlcs of hydrogen are given off at the copper plate and the w ire 
acquires the properly of influencing a magnetic needle. 

After uses the accumulation of gas on the copper plate causes 
polarisation and stops the current. 

In Rani ell's, drove's, and ]>unsen*s cells this defect is remedied. 

A coil of wire conveying a current is found to act in every 
essential like a magnet. 

The electro-magnet. When a coil of wire conveying a current- 
is supplied with a soft iron core its magnet ie power is greatly 
strengthened. Such a combination is called an < frcfromat/iut. 
Electro-magnets are of varied shapes : bar. horse-shoe, or closed 
ring. 

A galvanometer is an instrument for detecting and measuring an 
elect l ie current. 

Difference of potential causes the tlow of the electric current 
through conductors. It is produced in voltaic cells hy electro- 
motive force toften abbreviated E. M.E. ). 

The electrical resistance of a substance is its property of hindering 
the flow of electricity through it. 



280 


LESSONS IN SCIENCE 


EXERCISES ON CHAPTER XIX. 

1. Explain the cause of Polarisation , and describe the chief 
methods of preventing it. 

2. Two compass needles are arranged near each other so that both 

point along the same straight line. A wire connecting the platinum 
and zinc ends of the battery is stretched vertically half-way between 
the needles. How will the current in the wire affect the needles, 
and how will the result depend upon whether the platinum terminal 
is connected with the upper or lower end of the wire respectively? 
(1887.) * 

3. What are the materials used in the construction of a Han i ell 
cell ? and what chemical changes occur' in the cell when in action ? 
(1888.) 

4. A plate of pure zinc, and a plate of copper, arc dipped into 
dilute sulphuric acid, and then connected by copper wire. What 
changes take place in the plates, wire, and acid, when the; circuit is 
complete? (L.M. 1890.) 

!». When a galvanic cell, consisting of zinc and copper plates 
immersed in dilute sulphuric acid, has its terminals joint'd hy a 
wire, the K.M.lf. rapidly decreases. How do you account for this? 
Describe a cell designed to prevent this decrease in E.M.F., and 
explai n how i t acts. (L. M . 1 890. ) 

(i. A long straight wire is stretched on a table in the direction of 
the magnetic meridian, and a dip circle, with its plane parallel to 
the magnetic meridian, is placed on the table near to the wire and 
on the west side of it. Will the dip of the needle be altered when 
an electric current is passed along the win* from south to north, 
and, if so, how V (live reasons. (1890.) 

7. A straight horizontal wire is placed near and parallel to a com- 

pass needle, and in tin' same horizontal plane with it. If a current 
is them passed through the wire, what ell'eet is produced on the 
needle, and what occurs if the wire is (i.\ slightly raised, (ii.\ 
slightly lowered ? (1898.) 

8. Describe a simple experiment by which it may be proved that 
a long wire has electrical resistance. 



CHAPTER XX. 

CHEMICAL CHANGE INDUCED BY THE 
I ELECTRIC C URRENT. 

77. ELECTROLYSIS. 

i. The passage of the electric current through liquids. — Fit up a 

Bunsen’s cell for the generation of an electric current. Attach 
pieces of platinum foil, hy means of suitable binding screws, to the 
ends of two copper wires. Attach one of these wires to one pole 
of the Littery. Connect the other pole to one of the binding screws 
of a simple galvanoseope, and to the other screw of the galvanoseope 
attach the remaining win; with the platinum plate on the end (*ff 
Fig. 199). Dip the platinum plates- 1st, into some mercury, and 
notice there is a. great (letted inn of the needle of the gal vanoscope 
and no alteration of the mercury: ‘2nd, into some turpentine, and 
notice there is no deflection of the needle : 3rd, into some acidulated 
water, and notice there is a smaller deflection than in the first case, 
and at the same time there are bubbles of gas given off from both 
platinum plates. 

ii. Electrolysis of copper sulphate.— (a) Make a strong solution 
of copper sulphate (blue vitriol) in water. Four some into a 
1 icakcr. Dip two platinum plates connected by copper wires, as 
previously described, into the solution and notice that after a few 
minutes a deposit of copper is found on tin* kathode, or plate 
connected with the negative pole, and that bubbles of gas (which if 
collected and tested are found t«» he oxygen) are seen to rise 
from the anode, or plate connected with the positive pole. 

{I>) Arrange the apparatus as described in F.xpcriincnt 77 i, sub- 
stituting copper plates fur the platinum ones there used, and weigh 
the copper electrodes before passing the current. After the current 
has passed for, say, ten minutes, break the circuit and weigh the 
electrodes again. Notice the anode has lost in weight by a certain 
amount, and that the kathode lias increased in weight by the * amt 
amount. There is no evolution of oxygen. 

There is a continual withdrawal of metallic copper from the 
solution hy the passage of the electric current, and the liquid is 
gradually converted into sulphuric acid. This can he demonstrated 
by its effect on a piece of blue litmus paper. 
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The passage of the electric current through liquids.— 
1st Case. Passage of the current through mercury.— The student 
will learn shortly that mercury is one of the chemical elements, 
and that it is so regarded because it can be decomposed 
neither by the passage of an electric current nor by any 
other known methods. The great deflection of tlie needle of 
the galvanoscope reveals the fact that a considerable current 
passes through its coil of wire, hence we say that mercury is 
a good conductor of the electric current, or expressing the 
same truth in other words, that it offers very little resistance to 
the flow of the current. 

Similarly, it would be found that other metals?, when in the 
liquid condition, which they can assume if the temperature is 
raised sufficiently, are also good conductors of the electric 
current. 

2nd Case. Passage of the current through turpentine. — There 
is in this case no deflection of the needle of the galvanoscope ; 
it is therefore evident that no current passes through the coil 
of wire round the needle, and since the battery is arranged 
precisely as in the experiment with the mercury, the explana- 
tion must be that the turpentine prevents the flow of tin? 
electric current round the circuit. Turpentine is consequently 
known as a non-conductor, a class of bodies which also includes 
such liquids as petroleum and other oils. 

3rd Case. Passage of the current through acidulated water. — 
Here we have the current conducted and the liquid decomposed 
by the passage of the current. This is the condition of things 
in all liquid compounds which conduct the electric current. 
Such a decomposition as this is known as electrolysis, and we 
shall have to study this case more fully. 

Electrolysis of water. Pure water is a very bad conductor 
of the electric current, and hence it is necessary to add a drop 
or two of acid to make it conduct. To understand exact ly the 
result of the passage of the electric current, some means must 
be devised by which the gases which appear at tlie platinum 
plates can be collected. Such an arrangement constitutes what 
is known as a voltameter. A convenient pattern to use for the 
decomposition of water consists (Fig. IbH) of a glass vessel in 
tlie bottom of which arc fixed two slips of platinum connected, 
by means of coppei* wires, with two binding screws. P»cfore 
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connecting tlie binding screws with the poles of a battery* 
acidulated water is poured into the vessel, and two glass tubes 
of exactly equal size and carefully divided into equal volumes 
by divisions etched on the glass, are completely filled with 
acidulated water and inverted over the platinum plates, as 
shown in the illustration. When the landing screws are con- 
nected with the poles of a battery, consisting of two or three 
Bunsen’s cells, bubbles of gas are seen immediately to appear on 
the platinum plates, and in a few minutes it will be observed 
that a quantity of gas has collected in each tube. If we 
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allow the electric current to pass round the circuit for 15 
or ^0 minutes and then measure the volume of the gas 
which has collected in each tube, it will be found that the 
tube over the platinum plate which is connected with the zinc 
pole of the battery contains twice as much gas as that over 
the plate connected with the carbon pole. Moreover, if the 
bottom of the tube containing the larger amount of gas be 
covered with the thumb and the tube be lifted out of the 
liquid, inverted, and a light applied to the gas, it will be 
found to burn, showing it to be hydrogen (Chap. XXV). 
Similarly, if a glowing splinter of wood be plunged into the 
other gas it will he rekindled, showing it to be oxygen. Hence 
we see that the passage of a sufficiently strong electric current 
through water causes it to be decomposed into hydrogen and 
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oxygen, and that twice as much hydrogen by volume as oxygen 
is formed. Or, 

, ir fis decomposed by the! Hydrogen , Oxygen 
^ electric current into J [2 vols.J [1 vol.J 

Terms used in describing electrolysis. -It is customary in 
speaking of the decompositions effected bv the electric current 
to use certain terms originally adopted by Faraday. The liquid 
which conducts the electric current, and is itself decomposed, is 
known as the electrolyte ; the platinum plates in the voltameter 
described, or, generally speaking, the ends of the wires coming 
from tht; poles of the battery, are called electrode*. Names are 



Kkj. 111'.'. -Current passing through tfiilvuiiowcopo uml an elect-roly t 

given to each of these to distinguish them. That by means of 
which the current enters the electrolyte, or what is the same 
thing, the electrode in connection with the carbon pole of a 
Bunsen’s battery, or the positive ( + ) pole of any battery, is 
called the anode. The electrode by means of which the electric 
current leave* the electrolyte or that in connection with the 
zinc or negative (- ) pole of the battery, is called the kathode. 
The atoms into which the molecules of the electrolyte are 
decomposed are referred to as ions. Evidently the ions are 
invisible during their passage through the electrolyte. Those 
ions which collect at the anode are. spoken of as anions, those 
collecting at the kathode are called kathions. It will be clour to 
the reader that the direction in which the kathions move through 
the liquid is that which we have spoken of as the direction of the 
current, namely, from the anode to the kathode (Fig. 19b). 
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CHIEF POINTS OF CHAPTER XX. 

Thu galvanoscope is a convenient- apparatus for recognizing the 
passages of an electric cumin t. 

The passage of the electric current through liquids.— 

(a) Liquid metals conduct the current without being decomposed. 
(h) Certain liquids, like turpentine, will not conduct the electric 
current and are consequently not decomposed by it. 

(r) Compound liquids, which, like acidulated water, conduct the 
electric cur rent, are decomposed by its passage. 

Electrolysis is tlx; term used to refer to condition (c) above. It 
means the process by which electric currents pass through compound 
liquids and so cause them to be decomposed. The liquid which 
conducts the electric current and is itself decomposed is known as 
the electrolyte. 

The ends of the wires coining from the poles of the battery are 
called electrodes, that by which the* current enters the electrolyte 
is known as the anode, that by which it leaves the kathode. 

The atoms into which the electrolyte is decomposed are called ions. 
The ions which collect at the anode are the anions ; those which 
collect at the kathode the kathions. 

Electrolysis of water. - 

w I i s decomposed by the) Hydkookn . Oxyckx 
I electric current into / [2 vols.J ,l 1 [lvol.] 


QUESTIONS ON CHAPTER XX. 

1. Describe fully what takes place when each of the following 
liquids is included in a circuit round which a strong electric current 
is circulating 

(a) Liquid mercury. 

(//) Petroleum. 

(r) Acidulated water. 

2. What, means would you adopt to recognise the passage of an 
electric current through a wire ? 

Ik What do you understand by <hrtroly*i* i (live an account of 
the electrolysis of water. 

4. Explain the terms : — electrolyte, anode, kathode, ion. 

5. What happens precisely when an electric current is passed 
through a solution of copper sulphate in wafer? 



CHAPTER XXL 

G RAIMI 1C it E PE ES ENTA TION . • 


78. CO ORDINATES. LOCI. 

i. Plotting points. — {a) Transfer the points a, h, c, d, e from 
Fig. 200 to squared paper. Take two dark lines as the axes ox, oy , 

and use the sides of the small 
squares as the unit of length. 
The lines ox and oy are called 
the axes of x and of y respec- 
tively. The distance of a point 
from the line oy is called its 
abscissa and the distance from 
ox is called its ordinate. Read 
off the abscissae and ordinates of 
each point thus : 

Absciss;* Ordinate. 
a - 2 0 

b - - f> s 

c - 0 4 

d - -12 0 

e - 1 7 6 

(b) Use two of the thick lines on a. sheet of squai'ed paper as axes ; 
take the side of a small square as the unit of length. Mark the 
positions of the following points. 



Abscissa. 

Ordinate. 


Abscissa. 

Ordinate 

(1) 

S 

4 


16 

S 

(52) 

10 

f> 

<«) 

18 

\) 

(») 

12 

6 

(7) 

20 

10 

(4) 

14 

7 

(») 

22 

11 


ii. Plotting loci. —(a) As before, take? two dark lines on the 
squared paper at right .ingles to one another to represent t in? axes 
of x and y. Mark in succession the points having both their 
abscissae and ordinates equal to 1, 2, 3, 4, 15, etc., and join these 

286 





GRAPHIC REPRESENTATION 


287 


points by a line OP (Fig. 201). The line OP is called the locus of 
all points which have their abscissae and ordinates equal. 

(h) Find the locus of all 


points the abscissae ami or- 
dinates of which, added 
together, always equal 12 
units of length. Take, a suc- 
cession of values for the 
abscissa and calculate tin*, 
corresponding value of the 
ordinate, thus : 


Abscissa Ordinate. 


0) 

1 

12 

1-11 

02) 

2 

f 12- 

2 - 10 

(3) 

3 

12 

3 9 

(4) 

4 

12 

4= 8 

<~>) 

f> 

12- 

r>- 7 

(b) 

(i 

12- 

0 — 0 

(7) 

7 

12 

7- f> 

(S) 

s 

12 

8-— 4 

(0) 

0 

12 

9- 3 

(10) 

10 

12- 

10-=. 2 


r »i 

n 

i 

"T 

~T 

— 

- 


B! 

a 

a 

□ 

: 

~ 


“ 

” 



I! 

- 


■ 

K 

■ 

■ 

B 

i 




" 


■1 

■ 

■ 



. 



■ 

■ 

■ 

a 

r A 


a 




■ 

■ 

a 

■ 

a 

a 



a; 


a 

r A 

a 


a 

■ 

■ 

■ 

a 







■ 

■ 

■ 

■ 

■ 



■ 

■ 


a 

■ 


a 

a 

■ 

■ 

m 








r 






a 

Z 


a 

8 


a 


r 

8 




a 





■ 

■ 





*4 

__ 


a 

B 


a 




a 




a 

a 

■ 

a 

a 

a 


a 

... 


a 

a 


■ 



■ 










r . 

□ 

j 

u 


■ 

■ 

■ 

■ 



■ 

- 












7 

a 


a 

a 

a 

a 

u 

_ 

8 


“ 

" 









a 

rj 

a 



a 

a 

a 

a 

a 

a 








a 

a 



z 



a 


a 



a 

m 

- 

■ 

11 


■ 

a 


■ 

a 



a 

a 

* 

u 





a 

a 

a 

a 

m 

w 

■ 


■ 

a 


a 

a 

a 

a 

8 

Z 

a 

a 





a 

a 


5 

a 

m 

a 



a 

a 


a 

a 

a 

a 


a 

a 

■ 




a 

a 

a 


a 

a 

f 

a 



a 

a 


a 

a 

a 

Z 


a 

a 

m 




a 

a 

a 


a 

a 

I 

a 

| 


8 

i 


IB 

a 

r A 

a 








a 

a 

a 


a 

a 

i 

| 

1 

r j 

a 

a 








a 

a 

a 


a 

i 

a 

B 

a 

■ 

■ 








a 

a 

a 


a 

IB 

■ 

■ 


IB 


■ 

a 

a 

a 











a 

a 

IB 

a 

a 


a 

z 

a 

IB 

a 












8 

a 

B 

1 

i 

8 




a 

3 

IB 

a 

a 

:: 





_ 


“ 


“ 

■ 

3 

& 








■ 












IB 

■ 

■ 

1 


r 

“ 

.. 


- 

. 


_ 

_ 

L 

L. 

L. 



L_ 


t 

t 

L. 

1 



Fie. 201. - Locus of points with equal abscissae 
and ordinates. 


Plot these points on squared paper as before (Fig. 202). 

(r) Find the locus of the points the abscissae and ordinates of 
which when multiplied together equal 24. Take, as before, a 



Fuj. 202. — Locuis determined in Expt. 78. ii. 0. 


succession of values for the abscissae, and calculate the values of 
the ordinates, thus, 1-24, 2-12, .‘1-8, etc. Find by plotting on 
squared paper the locus of these points. 
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Co-ordinates. — Suppose it was necessary for some reason to 
define exactly the position of any letter on this page of print ; 
the first letter s, for example, in the ninth line from the 
bottom. How could we do it ( 

One way would be to count the number of lines from the 
bottom line of print, and the number of letters along the line 
itself from the outside edge of the print. This would really 
amount to measuring two lengths at right angles to one another. 
The two lines at right angles from which the measurements are 
made being the bottom line of print and the outside margin of 
the lines of print. t 

Any two such lines at right angles, from which measurements 
of this kind are made, are known as the axes, the horizontal line 
being generally called the axis of x, and the vertical line the 
axis of y. The point where the axes intersect is called the 
origin. Distances along the axis of .v are abscissae (singular, 
ahxcissa), distances along the axis of y are called ordinates. The 
abscissa and ordinate of a point are together spoken of as the 
co-ordinates of the point. 

Meaning of loci. - Notice in Experiment 78 i. (b) that every 
abscissa is twice the corresponding ordinate. ( Ibserve that if you 
join the points (1) and (2) with a straight line, this will, if con- 
tinued, pass through each of the other six points. Similarly, the 
line continued would pass through all points the abscissa of which 
was twice the corresponding ordinate. This is expressed by 
saying that the straight line you have drawn is the locus of 
all points the abscissae of winch are twice the ordinates. 
Similarly, the locus of points having their abscissae and 
ordinates equal is also a straight line. 

The locus of points which all satisfy some given condition is 
not necessarily a straight line. 
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79. SYMBOLIC REPRESENTATION OF A LOCUS. 
GRAPHIC DIAGRAMS. 

1. The equation of a curve. («■) In the equation xy — 36 find the 
values of x which correspond to y~ 1, y — % etc. Take the*, values 
of x as abscissae and those of y as ordinates and plot the locus of 
the equation, that is, find the curve which joins the points thus 
obtained. 

(/>) Find equations which will represent the lines AB^ CD , in 
Fig. 203. 

(c) Obtain the locus of the equation x -I y — 30. 

(d) Find w here the curve x- y—2 cuts the axes. 


t 



Fig. 203. 


ii. Representation of varying quantities. — Construct graphic 
diagrams for the following eases, the number of passengers or of 
the population being taken as ordinates placed at convenient and 
equal distances apart. 

(a) The number of 3rd class passengers by a certain popular train 
throughout a w r eek : 

1'assengcrs. Passengers. 

Monday, - - 250 Thursday, - - 220 

Tuesday, - - 215 Friday, - - 1S5 

Wednesday, - - 190 Saturday, - - 235 

(h) The approximate population of Blackburn at the census of tin. 
following years is given in the table. As in previous exercises pint 
those numbers on squared paper. Join the points so obtained, am 
from the resulting loons read oil' what you would expect the popula 
tion to he in 1846, 1856, 1866, 1876, and 1896. 


Ykak. 

POPULATION. 

Y K.\ It. 

Population. 

1841 

36.600 

1871 

76,300 

1851 

46.500 

1881 

104,000 

1861 

63, 100 

1891 

120,100 


I..S. T. T 
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(c) Repeat the preceding exercise, using the populations of the 
parish of St. Mary, Newington, London, S.E. 


Year. 

Porn.ATlON. 

Year. 

Population. 

1841 

54,700 

1871 

88,900 

1851 

64,800 i 

1881 

107,800 

Mil 

! 82,200 i 

] 

891 

1 15,700 


Symbolic representation of a locus.— Instead of giving 
different values for the abscissae of points as we have done 
in the previous exercises, a general expression in. y lie used for 
them all, such as x. That is, let x stand for the distance from the 
axis of y measured along or parallel to the axis of x. How shall 
we represent each of the loci we have plotted Let y stand for 
the distance of any point on the locus from the axis of x measured 
along or parallel to the axis of y. We proceed as follows : 

To find the locus of points the abscissae of which are twice 
the ordinates. The abscissae are represented by .r, the ordinates 
by y. By the terms of the problem x is always twice as great 
as ;//, or, .r=2y, is an equation which stands for the line plotted 
in Experiment 78 i. ((>). 

To find the locus of all points the abscissae and ordinates 
of which are equal. Here, as the student will at once see from 
Fig. 201, the equation is x=y. 

The equation of the curve obtained in Experiment 78 ii. (r) is 
xy = 24. Notice carefully the kind of curve which corresponds 
to this equation. 

Graphic diagrams. — Newspaper records of thermometer and 
barometer readings are often made on ruled paper, the actual 
mode depending upon the par ticular newspaper. In every case 
the changes of reading from day to (lay are shown by a wavy 
line joining the tops of ordinates placed at equal distances 
apart. This mode of exhibiting a variable quantity has certain 
advantages over a list of figures. Tire steepness of the line 
joining two ordinates indicates very clearly the rate at which 
the values change. The graphic method of exhibiting the 
results of experiments is of frequent use in the laboratory. 

Instances in which it is employed with advantage are the 
results obtained by stretching a piece of india-rubber or an 
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elastic spring, bending a lath, in experiments with levers, or 
on fluid pressure, etc. 

Graphic representation of a series of results will enable us 
sometimes to discover a law, or 1 will frequently show whether a 
supposed law accurately represents the facts of an experiment. 
Tlius, if the results obtained in Experiments i. and ii. on Boyle’s 
Law (p. 114) lie plotted, a smooth curve as shown in Fig. 204 will 
be obtained. The points in Fig. 204 correspond to the following 
results : 


PRESSURES 
(in cm. of Mercury). 

Volumes 
( in c.c.). 

Pressures 
( ill cm. o£ Mercury). 

Volumes 
( in c.c.). 

105*0 

7*7 

07-3 

12*0 

90S 

s*s 

57 ’3 

15*9 

77 9 

10*2 




Plot your own values in this way. 

Join in the points so located on your squared paper with 
a line pencil mark. If this continuous line does not form a 
smooth curve, if, for instance, one point is a Jong way out, 
it will probably mean you have made a mistake in your reading 
of pressure or volume. If the fine pencil mark is only slightly 



irregular, then the irregularities show you the departure from 
strict accuracy of which you have been guilty in your experi- 
ments. In this case sketch in a smooth curve which shall have 
as many of the points on one side of it as on the other. Such a 




292 


LESSONS IN SCIENCE 


curve represents the way in which pressure and volume vary 
together when the temperature remains constant. 

Moreover, since volume x pressure always gives the same 
product, we can say that the equation 

p x v — some constant number * 
represents the smooth curve we have obtained. 

Solubility Curves. — An interesting and important application 
of graphic representation is to show easily how the solubility of 
a solid in a liquid varies with the temperature. Thus, Fig. 205 
shows the number of grams of the three solids, nitre, common 
salt, and chlorate of potash, which will dissolve in 100 grams of 
water at diilerent temperatures. The degrees on a Centigrade 
thermometer are marked along the bottom horizontal line, and 
the length of the side of one square represents five degrees. 



Fin. 20 r i. — The number of grams of nitre, common salt., and chlorate 
of potash which can he dissolved in 100 grains of water at any tempera- 
ture from 0° to 100° C. is shown in this diagram. 

The number of grams of solid which the 100 grams of water 
contain is read off from the scale on the left-hand of the 
diagram. The length of the side of one square represents five 
grams of dissolved solid. Thus, a reference to Fig. 205 shows 
that 100 grams of water dissolve at 0° C. 12i crams of nitre. 
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At 5" O. 100 grams of water dissolve 15 grams of nitre. 


io° a 

11 

ft 

20 

ft 

15° c. 

ft 

ft 

25 

ft 

20° 0. 

11 

ft 

32 

ft 

25 <J C. 

ft 

ft 

37 h 

11 

30° C. 

ft 

ft 

45 

?» 

35° a 

ft 

ft 

55 

11 

40" C. 

ft 

ft 

64 

11 

4 5 C ( !. 

ft 

11 

75 

11 

50° 0. 

ft 

ft 

87£ 

11 

55° e. * 

ft 

ft 

kkT 

11 


We could read off the amounts of common salt and chlorate 
of potash dissolved in 100 grams of water at different tem- 
peratures in just the same manner. 

Rut when we have several solubility curves together in this 
way, we can very easily compare the solubility of the different 
solids together. We see, for instance, that the amount of nitre 
which will dissolve in 100 grams of water increases very rapidly 
as the temperature rises, as the steepness of this particular 
curve shows. The amount of common salt which 100 grams of 
water will dissolve increases very little as the temperature 
rises. The curve is almost a horizontal line, for while at 0° 0. 
about 36 grams arc dissolved by 100 grams of water, at 100° C. 
the amount in solution is only 38 grams. 


CHIEF POINTS OF CHAPTER XXI. 

Co-ordinates. The position of a point on squared paper is fixed 
by its distances from the co-ordinate axes. Distances measured 
along o.v are represented by .r and are called (ifwisudi : those 
measured along o y are represented by y and are called ordinn(<\s. 

The locus of a point is the curve which indicates the various 
positions of a point of which the abscissae and ordinates are related 
in some definite manner. 

The equation of a curve represents the fixed relationship between 
the abscissae and the ordinates of all points in the curve. 

Graphic representation of varying quantities is employed to make 
clear the rate of rise or fall in the value of the quantities. 

Graphic diagrams arc* used to exhibit the results of experiments 
in which two quantities are being compared. The form of the 
curve obtained indicates the relationship between the two quantities. 
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The curve for results in experiments on pressures and volumes of a 
certain quantity of air at constant temperature indicates by its 
shape that pv — constant is the equation expressing the relationship 
stated in Boyle’s law. 


EXERCISES ON CHAPTER XXI. 

1. Plot the curve of which the equation is x-\y = 3. 

2. What lines are represented by the following equations? 

x = 0. I 3^=1200. 

x + y = 5. | x - ?/=<). 

3. Suggest a use for the graphic representation of the experi- 
u ' ’ results from stretching a piece? of india-rubber. 

^ > len 

\ vhat do you understand by the terms axes of x , co-ordinates, 
abscissa, locus, equation of a curve ? 

5. In comparing the readings of two thermometers what use 
could be made of squared paper ? 

(i. With inches as ordinates and centimetres as abscissae, construct 
a diagram to show the relation between inches and centimetres up 
to a length of 20 centimetres. 

7. Use the following numbers to construct a diagram showing the 
relation between lbs. and kilograms : 

lbs. kilos. lbs. kilos. 

2 0-9 « 2*7 

4 1-8 8 3’H 

8. Taking the? value of a rupee to be If) pence, construct a 
diagram to show the relationship between shillings and rupees. 



CHAPTER XXII. 

INTRODUCTORY. SIMPLE CHEMICAL OPERATIONS. 

80 . INTRODUCTORY. 

V 

Physical and chemical changes. - Matter is subject to two 
kinds of change. Hitherto we have been chiefly concerned 
with those which influence the properties of matter, leaving its 
composition unaltered. It has been seen that a body, such as a 
piece of iron, may gradually increase in temperature, changing 
from cold iron to hot, and, becoming hotter and hotter, may 
change in colour, passing from a dull gray to red, and from 
red to almost white, becoming incandescent and emitting 
light rays. But if left to itself the iron will begin to cool, 
passing through the same changes in the reverse order until 
it reassumes precisely the former condition ; and in all these 
changes the weight of the iron remains unaltered. Or, again, 
we might take a piece of soft iron, and, having wound silk- 
covered copper wire round it several times, pass an electric 
current through the wire. Tt would be found, on examining 
the iron, that new properties had been imparted to it, that it 
was now able to pick up other pieces of iron, or had become 
magnetised. If the electric current be discontinued, the new 
power, too, disappears. Such changes as these, where the 
substance or composition of the body remains unchanged, are 
known as physical changes. On the other hand, if a piece of 
iron be left exposed to damp air for some hours it becomes 
covered with a reddish-brown powder, which the most superficial 
examination will show is a different substance from the iron with 
which we started. There is a very large number of changes 
of the same kind as this continually taking place around us. 

295 
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When gunpowder explodes, we have an abundance of smoke 
formed and a black residue left behind, and it is easy to see 
that the smoke and deposit are quite unlike the gunpowder 
before the flash. Such changes as these are called chemical 
changes. It is with changes of the second kind that Chemistry 
is concerned, and it may be defined thus: Chemistry iB that 
branch of knowledge which deals with chemical changes; those, 
namely, which result in the formation of new substances with 
new properties. 

Chemical elements. The result of a large number of experi- 
ments made from time to time by different ehemiits has been 
to show that there are upwards of seventy different forms of 
matter which can by no known methods be broken up into 
anything simpler. By this is meant that if any one of these 
be selected and treated in any way with which chemists are 
familiar — for example, if it were subjected to a very high 
temperature — it would be found impossible to obtain anything 
having properties different from those of the substance itself ; 
bodies of this simple kind are called elements. 

But it must he borne in ifiind carefully that, as the methods 
which chemists adopt become more and more refined, it is quite 
likely that some of these may be found wrongly to be regarded 
as elements. Up to the time of Davy (1807) the substances 
soda, potash, and lime were regarded as elements. He found, 
however, that they could be split up into simpler constituents. 
From soda lie obtained a soft metal, sodium, and two gases, 
oxygen and hydrogen, and from that time, of course, soda 
could not be regarded as an element. Similarly, if at any 
future time it should be found that any of the forms of matter 
which are called elements can be split up into simpler bodies 
with different properties, the element which is thus decomposed 
will have to be struck off the list. 

Metals and non-metals. — A good many of the elementary 
substances are possessed of certain distinctive characters in 
which they resemble one another. They have a bright lustre, 
a high specific gravity (p. 62), are good conductors of heat and 
electricity, and are known to chemists as metals. There is 
no difficulty in deciding in a large number of instances that, the 
substances possess the characters of a metal, and the student 
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will immediately think of gold, silver, copper, iron, etc. Other 
bodies, however ,_are quite as plainly not of this class ; they 
have no lustre, they are not heavy, nor do they conduct heat 
and electricity well. These are spoken of as non-metals, and 
phosphorus, sulphur, and carbon, will serve as good instances. 
Rut there is no hard and fast line between the two classes, 
for one or two substances possess some of the properties 
which distinguish a inetal, and yet for other reasons, which 
the student will understand better later, are not classed with 
the metals, but with the non-metals. Arsenic may be cited 
as an instance of a substance which possesses properties common 
to both classes. 


81. SOLUTION. EVAPORATION. DISTILLATION. 

i. Solution. — Place a piece of sugar in water, and note that it soon 
disappears, and gives a sweet taste to the whole of the water, so 
that, the particles of the sugar must he spread through the entire 
mass of the water. 

ii. Saturated solution.— Weigh out f>0 grams each of the following 
suhstaneos : finely powdered nitre, sugar, salt ; to each add water, 
in small quantities, with vigorous shaking after each addition. 
Determine thus the quantity of water necessary to form a saturated 
solution of each. 

iii. Solution is a physical change. Evaporation.— Weigh out. a 
quantity of salt in an evaporating basin and dissolve it in water. 
Heat gently over a Bunsen humor so that, tlu; water boils and 
evaporates away completely. Note that a white solid remains in 
the basin, and again weigh. Satisfy yourself that the weight is 
equal to the weight of the basin and salt before solution, and that 
the solid left is still salt. 

iv. Distillation.— An arrangement for condensing steam or vapour 
is shown in Eig. 2(H). The steam that is driven oil from the water 
in the retort passes through a long tube kept eool by being 
surrounded with w r ater, and is thus condensed. 

v. Evaporation of distilled and tap water.— Evaporate a little 
distilled water in a platinum or porcelain crucible. Notice the 
absence* of any residue. Repeat the experiment with tap-water, 
and note t he residue. 

Solution. — When sugar is placed in water it disappears, but 
it is not lost, for we can taste it in the water. It is said to 
have dissolved and formed a solution of sugar. Similarly, a 
great number of substances can dissolve, or arc soluble, in 



298 


LESSONS IN SCIENCE 


water, but not all to the same extent, and when, at a given 
temperature, no more of the substance can be dissolved the 
solution is said to be saturated. 

By boiling away the water the substance dissolved in it may 
be recovered without loss. 

Hence, during solution we have in general no chemical change, 
but merely a change of physical state, although we shall find 
later that in certain cases solution may be accompanied by 
chemical changes. 

Evaporation. — By very gently warming water or other 
liquid, or even by allowing it to remain exposed to the air 
for some time, the liquid passes oil* as vapour without actually 
boiling. Rain drops on window panes or pavement stones 
disappear by reason of this process which is called evaporation. 
Any dissolved substance remains behind, forming a residue. 

Distillation.— -By the evaporation of the solvent, i.e. the 
liquid in which the solution takes place, we can separate it 
from the dissolved substance, and this process is frequently 
used not only for obtaining the dissolved substance, but also 



Fig. 20G. — The? distillation of water. 


for the purifi cation of liquid from dissolved solid material, 
since if the steam which is formed by boiling water contain- 
ing any of those dissolved substances be condensed, the water 
formed is quite pure. To obtain pure water from any kinds 
of water, then, whether fresh or salt, all that has to be done 
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is to boil it and condense tin* steam which is given off. The 
dissolved materials are all left behind in the vessel in which 
the boiling takes place. 

82 . FILTRATION, SUBLIMATION, DECANTATIOlf. 

i. Filtration. — Mix well together some fine sand and salt ; place 
the mixture in a glass flask with sufficient water to dissolve 
the salt, and shake 
vigorously. Take a cir- 
cular piece of filter-paper 
and fold it in two, in 
the form of a semicircle, 
then again to the form 
of a quadrant ; open out 
into the form of a hollow 
cone and lit it into a 
glass funnel (Eig. 207). 

Pour the liquid through 
this filter and note that 
the solution of salt, runs 
through perfectly clear 
leaving the insoluble 
sand in the filter paper. 

Evaporate oil’ the water 
from the salt solution 
and obtain the salt. 

ii. Sublimation. — Mix 
some wind and a little 
sal -cam mon i .* wj ( am n ion - 
inm chloride) and heat 
the mixture strongly in 
a dish. White fumes 
will soon be noticed 
escaping, and if a dry 
beaker be held mouth 

downwards over the dish . _ 

it will be found tliat'thc Fl0 . ^.—Filtration, 

fumes condense on the 

glass as a white powder which consists, of the ammonium chloride 
driven from the mixture by the heat. 

Filtration. — When a muddy liquid, that is, a liquid contain- 
ing small solid particles floating in it, is poured on filter paper, 
a thin kind of blotting paper, the solid particles remain on the 
paper while the clear liquid passes through. This process is 
called filtration and is that which is usually adopted in chemical 
operations when it is wished to separate insoluble suspended 
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material from a liquid, either for the isolation of the solid 
or for the purification of the liquid. 

Decantation. — If a powdfer such as chalk be stirred up with 
water it may be separated from the water partially by allowing 
tlfe mixture to stand and settle for a while. With care the 
clear liquid may be poured or siphoned oil from the sediment, 
and this process is known as decantation. It is impossible 
to remove the whole of the liquid in this way, so that filtration 
is the method usually employed. 

Sublimation. — Sometimes heat may be used to separate a 
mixture of solids one of which is driven into vapour by the rise 
of temperature while the other remains unchanged. 

A substance which on being heated passes straight from the 
solid to the vaporous state, and vice versa on cooling is said to 
sublime. Examples of such substances are ammonia compounds, 
mercury chloride, etc. 


83. CRYSTALLISATION, PRECIPITATION. 

i. Solvent powers of hot and cold water.— Plata' a quantity of 
powdered nitre in water and allow it to stand for some time with 
frequent vigorous shaking, so that a cold saturated solution is 
formed. Now heat the solution and see whether more solid 
dissolves or not. 

Do the same experiment with other solids and satisfy yourself of 
the truth of the following statement, that in general hot water 
dissolves more of a solid than cold water, or in other words, that 
the solvent power of a liquid increases with rise in temperature. 

ii. Making crystals. — Allow a hot saturated, or nearly saturated, 
solution of nitre obtained as above to cool slowly, and observe that 
the nitre separates out from the solution as clear glassy solids, 
which may be observed to increase in size as the solution cools. 
Examine a few of these and see that they an; bounded by plane 
surfaces. 

Repeat this experiment, using alum, potassium chlorate, blue 
vitriol, etc. Notice that each substance forms crystals of a special 
shape. 

iii. Precipitation. —Dissolve some lead acetate in distilled water ; 
add to it a solution of salt. Observe the formation of a white 
powder in the previously clear liquid. 

Solvent Power of Hot and Cold Water.— Common experi- 
ence shows that as si rule a substance dissolves more readily in 
hot than in cold water. Not only does solution occur more 
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quickly but more of the substance dissolves ; that is, the 
solvent power of water rises with the temperature. 

Crystallisation.— A hot saturated solution contains more 
dissolved substance than a cold one: it follows, therefore, that 
when the hot solution is cooled, some of the dissolved substance 
separates from the liquid. This it usually does in the form 
of crystals, and their formation is known as crystallisation. 

Crystallisation usually occurs when a dissolved solid separates 
from its solution, either by cooling of the solution, or by the 
evaporation of the solvent ; and the slower the evaporation, or 
the more gradual the* cooling, the larger and more perfect are 
the crystals obtained. We shall also find later that crystals 
may be formed during the solidification of a melted solid, 
especially when it is allowed to cool and solidify slowly and 
undisturbed, v 

Every substance capable of crystallising forms crystals of 
a definite shape. Thus, common salt crystals have the shape 
of cubes, alum that of octahedm , each of which appears to be 
made from two equal square pyramids placed base to base. 
Other shapes are much more difficult to describe accurately, 
but we may say that crystals, in general, have shining faces 
and sharp edges. 

Precipitation. — Precipitation always happens if to a solution 
we add some material capable*- of converting the dissolved sub- 
stance into a new product, which is insoluble in water, and 
therefore separates. If, for example, some common salt is 
added to solutions of lead acetate or of silver nitrate, a white 
powder forms in each case and falls to tin* bottom of the liquid. 
In the former case lead chloride, and in the latter silver 
chloride is formed, and both these chlorides are insoluble.. 


84. MIXTURES AND COMPOUNDS. 

i. Separation of a mixture by solution.— (a) Mix sonic sand and 
salt together. Stir the mixture well with cold water and allow to 
stand. Pour off the clear solution which contains most of the salt. 
Repeat the process till the solution over the sand no longer tastes 
of salt. The salt may he obtained from the water hv evaporation. 

{!>) Mix together some copper tilings and powdered sulphur, and 
examine the result,- which is a nrirturt of copper and sulphur. Nob* 
that its colour lies between the yellow of sulphur and tho red of 
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copper, and that the particles are quite distinct. Wash a little in 
a gentle stream of water, and observe that the sulphur is washed 
away more readily than the copper, leaving the latter as a residue. 
Shake up the mixture with a little of the liquid known as carbon 
disulphide, and see that the sulphur dissolves but the copper is 
left ; pour off the solution and allow it to evaporate, and observe 
that the sulphur is left. 

ii. Separation of solids by magnetism.-- Mix some iron filings and 
some sulphur in a mortar, stirring with a pestle until the mixture is 
as complete as possible. Now hold a magnet close to the mixture 
and the filings will be drawn towards the surface of the mixture. 
By stirring the powder well with one end of the magnet it will be 
found possible to remove tin' whole of the iron and the mixture will 
lose its grey colour and become yellow. 

iii. Formation of a compound. —Now again mix some copper filings 
and powdered sulphur in a porcelain crucible, using a weighed 
quantity of copper, and heat either in the open air or in a draught 
cupboard. Observe that the sulphur melts and some burns away. 
Add more sulphur, and again heat until no more sulphur burns away, 
and do this three or four times. Weigh the product so obtained, and 
then examine it carefully. Try to separate the sulphur and copper 
by washing, and try to dissolve the sulphur out by carbon disulphide. 
You will now find that you cannot separate the two components, 
neither can you distinguish tin; individual particles. The substance 
formed is a compound of copper and sulphur, so that during the 
heating a change has taken place, with the formation of a new 
substance with properties of its own. This is an example of a 
chemical change — the result of chemical action. The new substance 
is a chemical compound. If you have, taken the weight carefully 
you will have found also that 100 parts of copper form, roughly, 
125 parts of the compound, that is, unite with 25 of sulphur, 
and the result does not depend on the actual weight of copper and 
sulphur used, all excess of sulphur over this being always burnt 
away. 

Mixtures and Compounds.— When two substances are 
simply placed together so that we can distinguish each 
component or separate them again by some simple process 
in which one is removed and the other left, the substances 
are said to form a mixture. Sand and salt may be thus mixed, 
in any proportion, and they may be easily separated by 
dissolving the salt in water. Iron and sulphur when mixed 
can be separated by using a magnet to draw out the particles of 
iron. Mixtures of liquids, for example spirits and water, may 
be made and again separated by distillation. Mixtures of gases 
may be separated by solution. 

When two substances are mixed and so treated, by heating or 
otherwise, that we can no longer easily distinguish or separate 
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them, and the new substance has properties unlike those of 
either, a chemical compound is formed and the substances are 
said to have combined. Very many experiments have shown 
that compounds are formed in fixed proportions only. One sub- 
stance will combine with another always in the same proportion 
no matter how much of either is used in the experiment. We 
thus find the following differences between a mixture and a 
compound : 

Mixture. — In a mixture the components exist side by side 
and can be separated by simple mechanical methods. The 
ingredients may be present in any proportions, and the 
properties of the mixture are intermediate between those of 
the constituents. 

Compound.— In a compound the components cannot he 
separated by the simple means available in the case of 
mixtures. The properties of the compound are quite different 
from those of the constituents, and these constituents are 
always prosen t in certain definite proportions which for each 
compound are invariable. 

In all cases of chemical .action it is most important to 
remember that the total weight remains absolutely unchanged, 
that is, the total weight of all the products is exactly equal to 
the total weight of all the components forming these products, v 


85. CHEMICAL DECOMPOSITION AND 
COMBINATION. 

i. Chemical Decomposition, (<t) Heat some n il oxide of mercury in 
a test, tube. The powder will be found to darken in colour and a 
thin gray film consisting of mercury drops of minute size will be 
noticed to form on the cooler part of the tube. At tile same time 
a gas (oxygen) escapes from the oxide and will re kindle a smoulder- 
ing cedar wood splint held in the mouth of the tube. The powder 
has decomposed into merdury and oxygen. 

{!>) Sodium (see caution on p. 334), dropped into water causes the? 
production of bubbles of hydrogen gas due to the decomposition of 
the waiter. 

(r) Heat some crystals of potassium chlorate in a test tube and 
notice the escape of oxygon by using a smouldering splint as 
in Expt. So i. 

((/) Heat some lead nitrate crystals in a test tube. Deep red 
coloured fumes escape and yellow oxide of lead remains. 
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ii. Chemical combination.— (a) A candle burning in air disappears. 
The constituents of the candle wick and wax combine with a portion 
of the air to form new compounds of gaseous nature. 

(h) Sulphur burning in air forms a gas having a very strong smell. 
This gas is produced by the sulphur combining with a portion of 
the air. 

(r) Magnesium ribbon when heated bursts into flame. The metal 
disappears and in its stead there is found a white powder, formed 
partly of the metal and partly of the portion of air referred to 
in Expts. (i) and (ii). 

(d) A few drops of water falling on some fresh quicklime give rise 
to much heat. This is explained as being due to the lime combining 
with the water. 

Chemical Decomposition, or the separation of # a compound 
into elements or simpler substances, is illustrated in Experi- 
ments 85 i., ( a ), (h\ (<;), (d), which, however, cannot be fully 
understood at this stage of the subject. 

Chemical Combination is illustrated in the four experiments 
85 ii. ( a ), (6), (c), (d). We see permanent changes in appearance 
and in the general properties of the substances experimented 
upon. In nearly all cases of combination beat is produced 
though not always sufficient in amount to cause llame. 


CHIEF POINTS OF CHAPTER XXII. 

Physical changes are those in which the composition of the body 
experiencing the change remains unaltered. The science concerned 
with these changes is called Physics. 

Chemical changes are those which result in the formation of new 
substances with new properties. The study of such changes is 
called Chemistry. 

Chemical elements are kinds of matter which can, by no known 
means, be broken up into anything simpler. They can be sub- 
divided into metals and non-metals. 

Chemical operations.— Solution is the process by which some 
substances, when placed in water or other liquids, disappear and 
their particles spread through the entire mass of the water or other 
liquid. 

When no more of the substance will dissolve the liquid is said to 
be saturated. Solution is generally a physical change and is 
unaccompanied by any change of weight. 

Distillation is the process by means of which we are able to 
separate the dissolved substance from the solution containing it. 
The liquid itself is recovered by condensing the vapour. 

Filtration consists in utilising the porosity of unglazed paper or 
other material for separating insoluble substances from solutions 
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with which they are mixed ; or, it is a means of purifying liquids 
and isolating soiids. 

Crystallisation denotes the separation of a dissolved solid in 
masses having regular shapes from a solution as the liquid evaporates 
or cools. The regular solids formed are called crystals. 

Precipitation means the formation and separation of an insoluble 
substance from a solution. 

Compounds and mixtures. — 

Substances 


1 

Elements 

1 

Compounds, 

i 

Mixtures, 

1 

t;lem cuts pre- 

constituents pre- 

| * | 

sent in definite 

sent in any 

JV1 etals N on-metals 

proportions 

proportion. 


In a mixture the components exist side by side and can be 
separated by simple mechanical methods. The ingredients may 
be present in any proportion and the properties of the mixture are 
intermediate between those of the constituents. 

In a compound the? components cannot be separated by the simple 
means available in the ease of mixtures Ixieause chemical combination 
lias taken place. The properties of the compound are quite different 
from those of the constituents, and those constituents arc; always 
present in certain definite proportions which for each compound are 
invariable. 


QUESTIONS ON CHAPTER XXII. 

1. How may muddy water be* (//) made clear, (/<) purified from 
dissolved material ? 

2. Explain the differences between a mixture and a compound. 

3. What do you mean by a “physical ” and what by a “ chemical " 
change? If a substance changes under the influence of heat, how 
would you endeavour to find out whether the change is chemical or 
merely physical ? 

4. A mixture of salt and powdered glass is given to you. How 
could you (a) obtain separately the two constituents, (h) find the 
quantity of each in the mixture? Could you separate sugar from 
salt in the same way ? 

.5. What do you mean by a saturated solution ? How would you 
prepare a saturated solution at a given temperature? What is 
generally the effect of cooling a saturated solution ? 

(>. A white powder is shaken up with water. How would you 
ascertain whether any of it dissolves? 

7. What is meant by the statement, that two liquids mix? (live 
examples. Can a liquid be soluble in another liquid without being 
capable of mixing? If so, give an example. 

L.S. i. u 



300 


LESSONS TN SCIENCE 


S. How may fresh water suitable for drinking he obtained t, . , 

sea water? 

i) \\ y w hat means would you endeavour to find the quantity o' 
uiven solid which a given quantity, say 1 gallon, of water is cap.,, 
of dissolving? 

JO. What is meant by “precipitation ’* ? In what oireiiiiistan • 
may precipitates he formed in a liquid • 

11. How* would you endeavour to obtain large crystals of alum * 

12. Describe an experiment to show the solubility of ether in 

water. 

13. Sand and salt are stirred up in a bottle eontnining water in 
which some gas is dissolved. hat methods would you use to 
recover the sand, salt, and gas front the water? • 

14. Give examples of the solvent power of water. How could 
you determine whether a sample of water contains dissolved solid 
matter ? 

15. Describe the apparatus you would employ to obtain water 
free from dissolved substances. 

16. State in general terms the differences observable between a 
mixture and a compound of any two substances. 

17. Explain the terms Mixture and Compound. How could you 
show that copper and sulphur (or iron and sulphur) can exist 
together, either as a mixture or as a chemical compound ? 



CHAPTER XXIII. 


BURNING AND RUSTING. 


86. RUSTING OF IRON. 

i. Increase of weight when magnesium is humt.— Weigh a 
crucible and its lid with a piece of magnesium, which, folded 
lightly, is placed in the crucible. Heat it strongly in a burner, 
taking care to let no fumes escape (Fig. 208). To do this, keep on 
the lid, and only raise it a little 
when the ilaine is removed. The 
magnesium is seen to burn brightly 
in places, but if care is taken, no 
fumes are lost. When finished, the 
mass should be in the form of a white 
powder. Allow to coo!, and weigh 
the crucible with the lid and powder. 

Subtract the weight of the crucible 
and lid to find the weight of the 
powder. The powder will almost 
certainly be found to weigh more 
than the original piece of metal. 

ii. Increase of weight when iron 

rusts. — Carefully weigh a watch- 
glass with some iron filings or tacks „ _ ' ~ 

in it. Because iron ruste* best when Fl ° po ^7o^n 
damp, add a few drops of water to 

the iron in the watch-glass, and allow it to stand for a day or two. 
At the end of this time warm the watch-glass gently, so as to 
evaporate any water left. When the rusty iron is dry , weigh the 
watch-glass and its contents. 

Its weight will be found to ho more after the rusting has taken 
place ; the iron in getting rusty has gained in weight. 

iii. Air absorbed during rusting. — Place some iron filings in a 
muslin bag, and tic the bag to a piece of glass rod. Moisten well, 
and place it in a bottle of air inverted over water. If necessary, 
put something on the bottle to keep it upright (Fig. 209). Examine 
after a few days. It will be seen that the water lias risen in the 
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bottle, showing that part of the atmosphere has been abstracted 
by the iron in rusting. 

iv. Alteration of air when iron rusts in it. — Place a ground glass 
plate tightly under the mouth of the jar so as to allow no water to 
escape ; set the jar upright, and plunge a burning taper into it. 
Notice that the llame is extinguished ; do not throw away the water. 

Effects of heating metals in air.— Some of the effects of heat 
upon substances have already been observed and described. It 
has been seen that, by heat, Rolids may be melted into liquids, 
and liquids converted into vapours. If a piece of platinum 

wire or platinum foil is held 
in the smokoless flame of 
a laboratory burner, it be- 
comes red-hot ; but when it 
is taken out of the flame it 
quickly resumes its ordinary 
colour, and no change can 
be seen to have taken place. 
Substances like paper and 
wood when heated strongly 
I in air take fire and burn. 

• 3 Smoke is given off, and an 
3 ash remains. Metals like 
copper become covered w r ith 
a film, or tarnish, when they 
1 ° are heated in air. Lead 
when strongly heated melts 
and becomes covered with a scum on the surface. If the scum 
is removed the bright metal is seen shining below, but it also 
quickly dulls. 

If metals are heated in closed tubes without air they do not 
change in this way. It thus seems that the tarnish is due to the 
absorption of something from the air. But if something is taken 
from the air when a metal tarnishes, or when a metal like mag- 
nesium burns, the tarnished metal, or the ash of the magnesium, 
should weigh more than the original substance. Observations 
show that this is actually the case. As air seems responsible for 
the effects described, it is evidently well worth investigation. 

Chemical properties of air.— It is necessary carefully to 
consider the changes which different substances undergo when 



Flo. 200.— Experiment to show the ad 
iron filings on air. 
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exposed to the atmosphere. It is best to begin with those 
cases which appear to be simplest. Every one lias noticed that 
when iron is exposed to damp air it becomes rusty. Does the 
iron lose or give up something when it rusts ? Or, does it, on 
the contrary, take up or gain something ? These questions can 
be best answered by properly arranged experiments. \/ 

Iron gains in weight during rusting.— If a known weight of 
iron is allowed to rust by contact with damp air, it can be 
shown easily by weighing it after the rusting has taken place 
that it has increased in weight. The result of this experiment 
is very important. If the weighings are carefully made, the 
iron is always found to gain in weight when it rusts. The sub- 
stance causing the increase of weight, when damp iron filings 
rust, could come from the water, or moisture, or from the air. 
If the iron is allowed to rust in a closed space, and the 
experiment is so arranged that if anything is taken from 
the air the loss can be detected, it can be decided whether 
the air causes the rusting. Fig. ‘209 shows a convenient way of 
doing this. Some iron filings are placed loosely in a muslin bag, 
and the bag is tied to a piece of glass rod. The bag of filings is 
well moistened, and arranged in a bottle of air inverted over 
water in a basin, in the manner shown by the illustration. The 
apparatus is then left undisturbed for a day or two. When it 
is examined after this time, the water is seen to have risen in 
the bottle. Why is this ? It is quite clear that there is less air 
in the bottle now than there was before the iron became rusty. 
Some part of the air has, therefore, been used by the iron as it 
rusted, and this part of the air has joined with the iron to help 
to make the rust. 

Air as well as iron undergoes change. — When iron rusts, 
the change which it has undergone is visible. No difference 
can, however, be seen between the character of the air left in a 
bottle in which iron has rusted and ordinary air. But there is 
a great difference. A lighted taper is extinguished by the gas 
left in a bottle in which iron has rusted, hence the gas cannot be 
air, for in air a taper will burn quite easily. But before the 
rusting of the iron took place in it, the air was ordinary air. 
Hence, it is clear that the rusting of the iron is accompanied by 
a change in the character of the air in the bottle. It is reason- 
able to suppose that the gas which disappears is concerned in 
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the formation of iron rust, and this will be shown later to be 
actually the case. When iron rusts, it takes out of the air that 
part of it which helps burning, and moreover, the iron and the 
part of the air concerned in burning combine together to form 
iron rust. The part of the air left in the bottle will not let 
things burn in it. It may therefore be stated that : Iron in 
rusting gains in weight, taking some material from the air, and this 
material is the part of the air which causes substances to bum in it. 


87. CHANGE CAUSED IN AIR BY RUSTING. ' 

i. Volume of air used up in rusting. —Measure in a graduated vessel 
the quantity of water in the bottle from Expt. 86 iv. This is equal 
to the quantity of gas which has been used up and has joined with 
the iron. Also measure the quantity of water the bottle holds. 
This gives us the volume of air the bottle originally held. What 
fraction of the total volume of air enclosed has been used up ? 

ii. Change produced in air by iron ruBting in it. — Repeat the 
experiment of allowing iron to rust in an enclosed volume of air. 
After the iron has been left for a day or two, and there is no 
further rise of the water, mark the level of the water in the jar by a 
narrow strip of gummed paper on the outside. Carefully introduce 
another muslin bag of iron which is not rusty. This can be done by 
using a large enough basin of water, and pushing the bag through 
the water, being careful to allow no more air to get into the bottle. 
Examine the bottle after another day or two. There is no further 
rise in the level of the water, and the iron is not rusty. Evidently 
the gas which is left will not allow more iron to rust in it, though 
it is colourless and transparent, like ordinary air. 

What fraction of the air is taken by iron in rusting ?— 

Only a certain fraction of the enclosed air is taken up when 
iron rusts in it. Suppose some damp iron filings are allowed 
to rust in an enclosed amount of air, contained in a bottle 
inverted over a basin of water. The amount of water whicli 
rises into the bottle can be measured by means of a graduated 
vessel. A moment’s thought will tell you that, as this water 
gradually takes the place of the part of the air which the iron 
uses, its volume must be the same as the volume of the gas 
so taken out of the air. The amount of water the bottle 
holds when full can be found easily, and the result shows 
the volume of air in the bottle to begin with. If observations 
of this kind are made, it will be found that, when the bottle is 
full, it has five times more water in it than it has after the iron 
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has rusted. Even if the experiment is repeated several times 
with bottles of different sizes, the result is always the same. It 
is always found that one-fifth of the volume of the enclosed air is 
used up fcy iron in rusting. 

Chemical composition of the air. — That part of the air which 
helps substances to burn, and is taken out of the air by iron in 
rusting, may be called the active part of the air. That part 
which is left by the iron, and will not allow a taper or candle to 
burn in it, may be called the inactive part. The observations 
just described show that air is made up, or composed, of 1 volume 
of the active part to 4 volumes of the inactive part, in every 
5 volumes. In other words, in 100 pints of air there are 
20 pints which will unite with iron to make iron rust, or 
will assist a candle to burn, and 80 pints of the inactive part 
which will not assist burning. 

Other metals combine with the active part of air.— When 
copper is heated in air, it gradually blackens and increases in 
weight. When hot, copper lias the power of combining with 



the active part of the air in just the same way as the iron does 
gradually when cold, and it is reasonable to conclude that the 
black substance formed is copper rust, though it is not generally 
known by that name. 

That copper only combines with the active part, and leaves 
the inactive part, can be shown by a suitable experiment, though 
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not so easily as in the case of iron. Some copper turnings are 
placed in a hard glass tube like that shown in Fig. 210, one end of 
which is connected with an aspirator full of air, and the other 
by means of a well-fitting cork w.th a tube which dips under 
water in a trough. Then a bottleful of water is inverted in the 
trough of water exactly over the end of the small tube, which 
dips into it, and is connected with the hard glass tube contain- 
ing the copper. The copper is heated strongly, and air is forced 
over it by making water take the place of the air in the aspi- 
rator. As the air passes over the heated copper, the active part 
of the air joins witli the copper to form the black copper rust, 
and the inactive part passes on alone into the inverted l>ottle in 
the trough. That the inactive part collects in the bottle is 
indicated, though not proved, by the fact that it puts out the 
flame of a taper. If this gas is, in the same way, passed over 
some more heated copper, it has no effect on it ; the copper does 
not blacken. Moreover, if the amount of air which has come out 
of the aspirator is measured, and also the amount collected in 
the bottle, it is found that in passing over the copper the air 
loses one-fiftli of its volume. 


88. BURNING OF PHOSPHORUS. 

(Read the caution on p. 3S9.) 

i. The burning of phosphorus. — Place a little phosphorus upon a 
slate, tile, or an old saucer. Apply a light to it. It catches lire 
and burns brightly. As it burns, dense white clouds are formed. 

ii. Volume of air used up when phosphorus burns. — Place a little 
red (or yellow) phosphorus in a test-tube fitted with a good cork. 
Fix the cork firmly in tin; test-tube. Hold the test-tube slantingly, 
by means of a test-tube bolder, over a flame for a second or two, so 
as to heat the phosphorus and make it burn. When it will bum no 
longer, take away the test-tube and let it cool for five or ten 
minutes. 

Then hold the mouth of the test-tube well under water, and care- 
fully take out the; cork. Water rises inside the tube to take the 
place of the air used up. Notice that the rise is practically one- 
fifth the volume of air enclosed. 

Phosphorus readily bums in the air.— It is only necessary 
to touch a piece of dry phosphorus with a hot wire to make it 
catch fire and burn. Tt burns with a dazzling bright flame, and 
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at the same time dense clouds of white fumes are formed, which 
spread throughout the room. These facts are noticed until all 
the phosphorus has disappeared. 

What happens when phosphorus burns in this way ? Is the 
change anything like that when iron rusts ? Does the phosphorus 
gain or lose in weight ? These and several other questions pre- 
sent themselves, and they can be answered now. 

Changes produced in air by burning phosphorus.— To 
decide whether phosphorus in burning causes the same change 
in air as iron does when 
it rusts, it is best to burn 

some phosphorus in an yiy^^r 

enclosed amount of air in 

a way similar to that y^iy 

which has already been (£y 

described for an experi- a | 

ment with damp iron. jm | 

One way to do this is to I 

place a little phosphorus | 

on a cork or basin which j 

floats on the surface of 1 

water, under a bell jar, ^ 

or a stoppered bottle mm 

having no bottom. After 

the experiment is over, „ ”• T'”""’"""", 

, . 1 Fie. 211. — After tlie phosphorus has burned 

and the fumes have dlS- in tbe corked test-tube, the test-tube is un- 
jmnpnrWl til** i« eurked under water, and water enters to take 

appeared, tne watei IS tile I»lnee of the air used up. 

seen to have risen in the 

jar, indicating that there is less gas in the jar than before the 
phosphorus was burnt in it (Fig. 212). 

From what has been previously said, it can be understood 
at once that phosphorus in burning takes out the active part 
of the air, and leaves the inactive part behind. So far, 
then, the changes which occur when phosphorus burns are like 
those when iron rusts. Some differences will be studied a 
little later. 

The fraction of the air which disappears as a result of the 
binning of the phosphorus in a stoppered jar, can be measured 
easily enough after the jar has been raised a little, so that its 
mouth is still under water, but no longer rests on the bottom of 
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the basin. As in the case of the rusting of iron, one-fifth of the 
air is taken out of it by the phosphorus in burning. 

That the gas left behind is really the inactive part of air can 
be proved by quickly pulling out the stopper of a jar in which 
phosphorus has been burnt, and introducing a lighted taper. 
The fiame is at once extinguished. 

Phosphorus slowly takes out the active part of the air 
Without being lighted. — It has been seen that iron slowly 

takes the active part of 
the air and combines 
with it tq ; form rust. 
This happens without 
heating the iron. Will 
ordinary phosphorus do 
the same when it is not 
alight ? This question, 
too, is easily answered 
by a simple experiment. 
When a piece of dean 
phosphorus is exposed to 
an enclosed quantity of 
air over waiter, the rapid 
changes just described take place slowly. The only difference 
in the two cases is the rate at which the active part of the 
air is taken out. Burning phosphorus combines with the 
active part very quickly ; cold phosphorus but slowly. Still, 
given time enough, ordinary phosphorus will remove all the 
active part of air, and at the end of the experiment it will be 
found that again one-fifth of the air has disappeared. 



Fio. 212.— Phosphorus uses up one-fifth of 
the air in the bottle when it burns, and water 
rises to take the place of the air used. 


89. BURNING OF A CANDLE. 

i. Moisture is formed when a candle burns. — Over a hurtling 
candle hold a clear cold tumbler, which lias been carefully dried 
inside and out. Notice that the inside of the tumbler becomes 
covered with mist, and, after a short time, drops of water are 
formed, which run down the sides of the tumbler (Fig. 213). 

ii. Properties of the gas left after a candle has burnt in air. — 
Wind a piece of copper wire round a small candle and light 
the candle. Push the toy) of the wire through a small hole in 
a disc of cardboard, and then lower the candle into a dry, clear 
glass bottle in such a manner that the top of the jar is covered by 
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the cardboard disc (Fig. 214), Observe that the flame of the candle 
becomes dimmer and dimmer, and soon goes out altogether. Water 
collects on the inside of the jar, as in the last experiment. Take 
out the candle, and cover the jar with a greased glass plate. 
Quickly insert a burning taper, or the re-lighted candle ; it is at 
once put out. Pour in a little fresh clear lime-water, and shake it 
up in the jar ; notice that it is turned milky. 

iii. Volume of air used by a candle in burning. — Fix two or three 
small candles of different lengths upon the inside of the top of a tin 
canister (Fig. 215). Float the lid upon the surface of water in a basin, 
or sink it to the bottom of the basin, if the candles project well above 
the surface while it is in that position. Light the candles, and 



Fig. 213. — To bIiow the formation of Fig. 214. — Burning a candle in air in 
moisture by the burning of a candle. a glass jar. 


while they are burning, hold over them a wide-mouthed bottle, so 
that the mouth of the bottle is beneath the surface of the water. 
When the candles have gone out, and the air in the bottle has 
become cool again, mark the place to which the water has risen, by 
means of a strip of gummed paper. Take out the bottle and find 
the volume of water which just fills it. Find also the volume 
required to fill it to the edge of the gummed paper. Subtract this 
volume from the preceding one, and thus obtain the volume of 
air used. Notice that it is about one-fifth of the whole volume 
of air that was in the bottle. 

The burning of a candle. — Several facts have been learnt 
about the burning of phosphorus in air, and it will be desirable 
before proceeding farther to study the burning of some more 
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common combustible substance, such, for instance, as a 
candle. 

In what respects is the burning of a candle similar to the 
burning of phosphorus, and does it differ from it in any way ? 
It has been shown already (p. 316) that a candle will not con- 
tinue to burn very long in an enclosed quantity of air. Unless 
the air is renewed in some way, the candle goes out. This gives 
us a convenient starting-point for the inquiry, Why does the 
candle go out, and what changes take place when the candle is 
burning ? 

Water is formed when a candle bums.— When a clear 
glass bottle, which has been carefully dried inside and out, is 
held over a burning candle, it is soon noticed that drops of 



Fir:. 21.0. —When the candles bum, a certain fraction of air in used up, 
and water rises into the inverted bottle to bike its place. 

liquid begin to collect on the inside of the bottle, and after a 
time they run down the sides. In some way or other, then, the 
burning of a candle causes a liquid to be produced. If a suffi- 
cient quantity of this liquid is collected, it can be proved to be 
water by tasting it, or by determining its density, or its boiling 
and freezing points. Water is the only liquid which boils at 
100° C. and freezes at 0° O., and the density of which is 1. 

Another substance besides water is formed when a candle 
bums. — If a candle is burnt in a clear glass bottle in the way 
shown in Fig. 214, the gas which is left behind can easily be 
examined. Experiments with this gas show that, like the 
inactive part of the air, it will not allow things to burn in it. 
But besides this it is found that the gats turn -s lime-water milky. 
The gas left after phosphorus has been burned in a similar jar, 
has not this property of making lime-water milky ; it thus 
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appears that there is something else in the cylinder, besides the 
inactive part of the air already described. Hence, when a 
candle burns, it not only forms water, but also a colourless gas 
which turns clear lime-water milky. Just as it is possible to 
show, by burning phosphorus in a jar inverted over water, that 
phosphorus takes out the active part of the air as it burns, so 
the same fact can be made clear in the case of a candle by a 
similar experiment. When this experiment is performed, it is 
always found that at a certain stage the candle goes out. When 
this occurs, the water has risen and filled about one-fifth of the 
jar. This reqplt has been noticed so often that there is good 
reason to believe that the candle is extinguished because it has 
used up the active part of the air, which makes up one-fifth of 
the whole. In fact this is true in all cases of burning in the air. 
It does not matter what the substance which burns is like ; if 
it burns in air it does so because it takes out the active part to 
unite with it to form new substances, and the inactive part is 
always left behind. v 

The structure of a candle flame.— With care it is possible 
to distinguish four parts in a candle flame, (a) A dark inner 
cone surrounding the wick consists of the gases distilled from 
the wax or wick, and we may 
examine the nature of these 
gases by holding one end of 
a glass tube in the flame at 
this place and applying a 
light to the other end of the 
tube (Fig. 216 ). (b) Next 

outside this dark inner cone 
is found the brightest part 
of the flame, consisting of 
another cone, in which the 
gases from the wax and wick 
are partly burnt. This is 
the part of the flame from 
which soot is deposited when 
a cold object is placed in the 
flame, (c) Outside the bright 
cone is an almost colourless envelope, in which the burning 
is completed. It can be seen by holding a card, cut in the 



Fig. 210.— Structure of candle flame. 
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shape of the flame, before the lighted candle, (d) At the 
base of the flame is seen a small blue space in which there 
is complete combustion, and the colour is somewhat similar 
to that of a Bunsen burner, in which there is also complete 
combustion. 

Other familiar cases of burning.— Candles are not now 
commonly used for lighting our houses. Sometimes lamps are 
employed, and in large rooms ordinary coal-gas is often the 
substance which is burnt. Is the burning of oil and gas like 
that which occurs when a candle is lighted, and if not, what 
are the differences ? r 

By holding a clear dry bottle over the flame of a burning 
candle it is seen that water* is formed as the burning is con- 
tinued, because the vapour becomes condensed on the inside 
of the cold glass. In exactly the same way, it is found that 
water is formed when the flame is due to the burning of either 
oil or gas. But when a candle is burnt, a gas which turns 
lime-water milky is formed as well as water. Is this gas also 
produced when oil and gas are burnt'/ If an oil lamp, or a 
gas jet, or a splinter* of wood, is allowed to burn for a few 
minutes in a glass jar, and is then removed and the jar covered 
with a glass plate, lime-water poured into the jar is turned 
milky. We may consequently say that when a candle, a lamp, 
coal-gas and wood are burnt, two substances arc formed, 
namely, water and an invisible gas which turns lime-water 
milky. 

To prove that nothing is lost when oil burns or a jet of 
coal-gas is lighted, an experiment must be made similar to 
that already described with a candle (p. 17). The mass of 
the oil or gas used up, would have to be determined and 
also the masses of the water and the other substances produced 
by the burning. When this is carefully done, and none of 
the products of combustion are allowed to escape, the total 
mass of the substances formed is found to be greater than 
that of the oil or gas burnt. In every case which chemists 
have examined, the same thing is proved to hold true. In 
no kind of chemical change is there any loss of matter. 
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CHIEF POINTS OF CHAPTER XXIII- 

Action of metals on air.— Metals increase in weight when they are 
tarnished by being heated in the air. Magnesium increases in 
weight when it bums in air. When iron rusts it increases in 
weight ; the increase is duo to a gas taken out of the air by the 
iron as it rusts. The part of the air left behind as iron rusts will 
not allow a taper to burn in it. 

Composition of the air. — Air contains two gases ; one is used up 
by iron in rusting, the other is left behind, and will not allow 
tilings to burn in it. 

Proportion of the two gases in air. — When an excess of iron rusts 
in an enclosed amount of air, it always takes up one-fifth of the 
volume of the air. This part, which is also concerned in burning, 
may be called the active part, of air. The remaining four -fifths of the 
air, which will not allow things to burn in it, in which iron will not 
rust, may he called the inactive part of the air. 

The burning of phosphorus in air.— Phosphorus readily burns in 
the air ; in doing so it takes out the active part and combines with 
it to form a snow-like powder. It can also slowly take out the 
active part of air without being lighted. When phosphorus is burnt 
in an enclosed volume of air, one-fifth of this air is used up, and 
four-fifths remain. 

The burning of a candle. — When a candle bums in air, water 
is formed, and also a gas 'which turns lime-water milky. As in 
other eases of burning, one-fifth of the air is used up by a candle in 
burning. 


EXERCISES ON CHAPTER XXIII. 

1. If the inside of a bottle had iron filings spread over it, and the 
bottle were corked up and left in a warm room for a few weeks, 
what would you expect to see if the cork were then withdrawn 
while the mouth of the bottle were held under water ? 

2. Explain the changes that would take place in the bottle 
mentioned in the previous (juestion. 

3. Half an ounce of magnesium is burnt in the air, and the ashes 
formed are carefully collected and weighed. Compare the weight of 
the ashes with that of the magnesium burnt, and explain the reason 
for the difference in the weights. 

4. Describe an experiment (making a drawing of the apparatus 
you would use) to show that air contains a gas in which a taper will 
not bum. 

5. A piece of phosphorus is burnt in a stoppered bottle containing 
100c.c. of air. The stopper of the liottle is then taken out under 
water. How many cubic cms. of water enter the bottle. What 
facts do you learn from this observation ? 
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(i. Comp*are and contrast the rusting of iron and the slow burning 
of phosphorus. 

7. A piece of phosphorus is placed in a bottle, and the bottle is 
corked, suspended from one arm of a balance, and counterpoised. 
The phosphorus is then caused to burn by heating the bottle. Will 
the balance remain counterpoised after cooling ? Give reasons for 
your answer. 

8. A lighted candle is stood upright in water, and a bottle is 
placed over it, with the neck under the surface of the water. 
Describe and account for what happens. 

9. If two bottles were; given you, in one of which phosphorus had 
been burnt, and in the other a candle, how could you decide which 
bottle was used for- the phosphorus ? 

10. Write a short essay on “ the burning of a candle.” 



CHAPTER XXIV. 


NITROGEN AND OXYGEN AS CONSTITUENTS 
OF AIR. 

90 . SEARCH FOR THE ACTIVE PART OF AIR. 

i. Changes produced by heating lead in air.— Heat a few pieces 
of clean lead in an open crucible (Fig. 

217). When the lead lias melted, stir 
the liquid metal with a stout iron wire. 

Notice the formation of a powdery scum 
upon the lead. Observe that the colour 
of the powder is darker when hot. Let 
the crucible cool. Notice that it now 
contains a yellow powdery substance in 
addition to the unchanged lead. l>y 
strongly heating this powder its colour 
changes again, and it becomes red 
lead. 

Fig. 217.— Heating lead in 
contact with air. 

ii. Gas produced by 
heating red lead.— Place 
a little red lead in a 
hard glass tube, and 
strongly heat the tube 
as in Fig. 218. Notice 
that the red lead under- 
goes a change of colour. 
Into the tube insert a 
glowing splinter. Ob- 
serve that the splinter 
is re-kindled. Why is 
this ? 

iii. Change produced 
by heating mercury rust. 

— Repeat the preceding 
experiment with some 
red oxide of mercury, 
and notice the formation 
of the silvery, mirror-like 

L.S. I. X 



Fig. 218 . — When red lend is heated, a gas is given 
olT which will rc-kindle a glowing splinter. 





322 


LESSONS IN SCIENCE 


deposit of mercury, or quicksilver, round t he cold upjnsr part of tl, 
tube. Insert a glowing splinter ot wood, <md wjtch it ic-kindlo. 

Where to look for the active part of air.— Since, in suit, 
able circumstances, iron, co|>])er, and lead take the active part 
out of the air, and unite with it to form fresh substances, it 
should not be difficult to make these, or similar substances, give 
uj> the part of the air which they take up, and so procure the 
active constituent of air by itself in a pure form. But a little 
more thought suggests that probably some of these substances 
would do better than others. It is quite certain that some are 
formed more easily than others. Will those which are most 
easily formed be the best from which to get the active part ? 
No. The reason is this. When a chemical change takes place 
easily, it generally means that the substances taking part in 
the change have, as it were, a great liking for one another, and 
when they combine together they form a compound which it is 
difficult to separate into its parts again. The easiest way to 
set to work is, therefore, first to find some substance which 
only combines with the active part slowly and witli difficulty, 
for the compound such a substance forms with the active part 
will most likely be a weak one, and easily broken up again. 

The compounds which lead forms with the active part 
of the air. — When lead is heated in contact with the air, a 
yellow powder which is much darker in colour when hot is 
formed. If the heating is continued long enough, all the metal 
is changed into powder. The change takes place fairly easily, 
so that from previous reasoning it may be concluded that it is 
probably difficult to get the active part of the air again from 
this powder. This is so. But it is found that, when some of 
the yellow powder is heated for a long time at the temperature 
at which lead melts, it slowly takes up still more of the active 
part of the air, and changes in colour, becoming red. The first 
powder obtained, which is yellow, is in some states called 
litharge ; the second red powder is known as red lead. It is 
easy to get the second lot of the active part of the air again 
from the red lead. A third powder of a black colour, and 
having less of the active part of air than either litharge or red 
lead, is also formed when lead is heated in air. 

How the active part of air is obtained from red lead.— 

When red lead is heated, it changes in colour, and if the heat 
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has not been great, it regains its original red colour when 
allowed to cool. But if strongly heated, the red lead gives 
up some of the active part of the air which it contains, and 
is reconverted into litharge. The amount of the active part 
of the air which it thus gives up on being heated is the second 
quantity referred to in the last paragraph, which is taken up 
slowly when the heating of lead is continued for a long time. 
If red lead is strongly heated in a tube, as in Fig. 218, and a 
glowing splinter of wood is pushed down the tube, the splinter 
bursts into flame and continues to burn brightly. The active part 
of air has beeij obtained alone, and supports burning strongly. 

Other ways of obtaining the active part of air.— Quick- 
silver, or mercury, when strongly heated in the air, slowly 
combines with the .active part, and gradually becomes con- 
verted into a bright red powder, which is the rust of mercury. 
If some of this rust of mercury is heated in a hard glass tube, 
as in Fig. 218, it soon changes in colour; and as the heating is 
continued it is noticed that a mirror-like deposit is formed 
round the top, cold part of the tube. When this deposit is 
rubbed with a penholder or pencil, it runs together and forms 
little drops of quicksilver. Moreover, if a glowing splinter 
of wood is introduced into the tube, it bursts into flame, show- 
ing that the active part of the aii* is being driven out of the red 
mercury rust. This change is just the reverse of what takes 
place when mercury itself is heated. The active part of the air, 
with which hot mercury slowly combines, is driven out of the 
red mercury rust when that is strongly heated. But led 
mercury rust is expensive, and it is too costly a plan to heat 
it to obtain a quantity of the active part of air sullicient for the 
study of its properties. Several other and cheaper substances 
easily give up the active part of air when heated. 

The active part of the air is called oxygen.— As it will be 
more convenient in the future to speak of the active part of the 
air by the name chemists use for it, we may state here that it is 
always called oxygen, but the meaning of this name will be 
better understood later. 

91. PREPARATION OF OXYGEN. 

i. Oxygen from potassium chlorate. — Place a little potassium 
chlorate or chlorate of potash (which is the same thing) in a test- 
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tube, and heat it as in Fig, 219. Observe that the powder crackles, 
melts, and gives off a gas. Test by a glowing splinter of wood, and 
see that the gas behaves like oxygen, the active part of the air. 

ii. Preparation of a small quantity of oxygen.— Powder some 
crystals of potassium chlorate, and mix the powder with a little 
manganese dioxide (sometimes called pyrolusite). Heat some of the 
mixture in a test-tube, as in the last experiment. Observe by 
putting in a glowing splinter that oxygen is given off. Notice 
that in this case there is no melting, and the gas comes off more 
readily. 

iii. Preparation and collection of oxygen.— Into a hard glass tube, 
closed at one end, fit an india-rubber stopper, with one hole in it, 

through which a tube, bent 
as in Fig. 219, is passed. 
The other end of this tube, 
called the delivery tube, dips 
under w r ater in a trough. 
Mix together some potassium 
chlorate and manganese di- 
oxide, as in the previous 
experiment, and place the 
mixture in the tube. Sup- 
port the tube and delivery 
tube as shown in the illustra- 
tion. Fill several bottles 
with water, and invert them 
in the trough, ( lently warm 
the tube, and place one of 
the bottles of water over the 
end of the delivery tube. 



Fig. 219.— Preparation of oxygen by heat- 
ing a mixture of potassium chlorate and 
manganese dioxide. The gas is being col- 
lected over water. 


As the oxygen is driven off, it displaces the water and gradually 
fills the bottle. When the bottle is full of oxygen, cover its mouth 
with a greased glass plate, and lift it out of the trough. In this 
way fill five or six jars with oxygen. 

Caution. — Be careful not to take a way the burner from under the 
hard glass tube before removing the delivery tube from the trough. 


Preparation of oxygen from potassium chlorate. —As the 

quantity of oxygen obtained by heating red oxide of mercury 
is comparatively small, and the oxide of mercury is expensive, 
a more convenient source of the gas is the white crystalline 
powder called potassium chlorate. 

If this white crystalline compound is heated, in the same way 
as the red oxide of mercury, it melts and gives off bubbles of 
oxygen, and after all the oxygen has been given off a white 
substance like table salt is left behind. 

By heating, the potassium chlorate is broken up into two 
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things, a gas and a white substance like common salt, which is 
called potassium chloride. 

Potassium gives when Potassium and Oxygen. 

Chlorate heated Chloride 

Use of oxygen mixture. — By adopting a slightly different 
method, oxygen can be obtained more readily and easily, for it 
has been found that by mixing the potassium chlorate with 
certain other substances, as, for instance, a black compound, 
manganese dioxide, the oxygen from the chlorate comes off 
more easily and at a lower temperature. This mixture may be 
called oxygen mixture. If after all the oxygen has been driven 
out of the mixture the residue left behind is boiled up with 
water in a flask and the turbid liquid filtered, the manganese 
dioxide remains unchanged on the filter paper. 


92. PROPERTIES OF OXYGEN. 


The jars of oxygen prepared as described in Expt. 91 iii. are 
required. 

i. Physical properties of oxygen.— Take one of the bottles of 
oxygen (one of those collected last should be chosen). Notice every- 
thing you can about the contents of the bottle. The gas in the 
bottle has no colour. Remove the plate from the mouth and test its 
smell ; it has no smell. Try the taste by 
breathing some of the gas ; it has no 
taste. See if the gas has any effect on 
moistened litmus papers, one blue and 
the other red. There should be no effect ; 
we say oxygen is a neutral substance. 

ii. The burning of a candle in oxygen. 

— Attach a piece of stout wire to a w'ax 
taper and having lighted the taper plunge 
it into another of the jars of oxygen. 

Notice that it is not extinguished , but M | |jgf 

continues to burn, and w r ith a larger and J0S. 
brighter flame. f 

iii. The burning of charcoal in oxygen. 



— Into another jar of oxygen thrust a 

splint of wood red-hot at the end, or Pla 220- —Carbon burns in 
a piece of red-hot charcoal placed in a flanfe than in Sr? 0 1 ° r 
deflagrating spoon (a small upturned iron 

spoon with a long handle) (Fig. 220). Note the brilliancy of the 
combustion. Now pour into the jar some clear lime-water (i.e. 


souk; of the clear liquid which is formed if lime and water he shaken 
together and allowed to stand. It is really a solution of lime in 
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water). Notice that it turns milky owing to a white powder being 
diffused through the liquid. 

iv. The burning* of phosphorus in oxygen. — In another jar 1mm a 
piece of phosphorus about half the size of a pea, contained in the 
deflagrating spoon. Note the great brilliancy of the combustion 
and the dense white fumes. Add water and shake — the fumes 
dissolve. Into the solution put a blue litmus paper. Observe that 
it is turned red. 

y. The burning of sulphur in oxygen.— Perform, with another 
jar, a similar experiment with sulphur. There are few fumes, but a 
strongly smelling gas is obtained, also soluble in water, turning 
blue litmus red. 

vi. The burning of magnesium ribbon in oxygen.— Ignite a small 
piece of magnesium ribbon and hold it by means of crucible tongs in 
a jar of oxygen. Notice the white solid formed. Test its solubility 
in water, and show that unlike the previous products, it will not 
turn blue litmus solution red, lmt will turn red litmus solution blue. 

vii. The burning of sodium in oxygen.— Put a small piece of 
sodium 1 in a dry deflagrating spoon, light the sodium, put it into 
another jar of oxygen. Observe the fumes formed. Dissolve these 
in water and try the effect of the solution on litmus paper. It does 
not turn the blue colour to red, but has exactly the reverse effect, it 
changes red litmus to blue. Feel the water ; it has a soapy feel. 

viii. The burning of iron in oxygen. -Obtain a piece of iron wire 
(a thin steel watch-spring will do), and dip one end into a little 

melted sulphur, and when the sulphur is burn- 
ing place the wire in another jar of oxygen. 
Observe that the sulphur burns and also 
starts the combustion of the iron, which con- 
tinues to burn with a brilliant shower of 
sparks. After the burning lias ended, observe 
that a quantity of an insoluble solid (iron 
rust) has been formed. 

ix. Oxygen is soluble in an alkaline solution 
of pyrogallol. — {a) Collect some oxygen in a 
test-tube over mercury. Dissolve a little 
caustic potash in pyrogallol, so as to make 
a strong alkaline solution. Force some of 
the solution into the oxygen by partly 
filling a bent pipette with it, and blowing 
down the pipette when the bent end is under 
the but, tom of the test-tube, as shown in 
Fig. 221. 

Note that .after a little while the oxygen is wholly absorbed. 

(ft) Repeat the last experiment, substituting air for oxygen, and 
notice that the air is only partially absorbed. 

Properties of oxygen. — Oxygen is a gas which has no colour, 
no smell, and no taste. It lias no action upon litmus paper, and is 



Fm. 221,— IIow an 
alkaline solution of 
pyrogallol oan bo in- 
troduced into a tube 
containing oxygen. 


1 Important ! Carefully read the note on p. 334. 
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for this reason said to be neutral. Ordinary combustible sub- 
stances burn more brightly in oxygen than in the air. 

Oxygen has no effect on substances like sulphur and carbon 
when they are at the same temperature as the room, but if 
these elements are heated to the point of ignition the oxygen 
combines with them very readily, causing them to burn 
vigorously. 

Some substances which will not burn under ordinary con- 
ditions can be made to burn in oxygen, and the case of iron 
affords a good example of this. Consider what the result 
would be if th^re were only oxygen in the air. As soon as iron 
got red-hot it would start burning. We could not in these 
circumstances use iron for our grates, furnaces, and similar 
things. 

Oxygen is not very soluble in water — one hundred parts of 
water dissolve three parts of this gas. That the amount of 
oxygen dissolved by water is very small is seen by the fact that 
oxygen prepared for experiment is usually collected over water. 
But though the amount is small it is of great importance in the 
economy of nature, for it is due to this dissolved oxygen that 
water animals are able to breathe. Oxygen can, however, be 
readily dissolved by some liquids, such as a solution of pyro- 
gallol in caustic potash. 

Though oxygen exists in a gaseous condition under ordinary 
conditions of temperature and pressure, yet it can, by lowering 
the temperature and very much increasing the pressure, be 
made to assume the liquid, and even the solid, state. 

Oxygen is indispensable to life. It is the constituent of the 
atmosphere which is used up in the processes of combustion, 
decay, and fermentation. 

Formation of oxides explained. — Whenever oxygen com- 
bines with another element an oxide is formed. Indeed, oxygen 
is so active and powerful that it forms oxides with every simple 
substance except fluorine. 

Tn all the cases of burning studied experimentally when con - 
sidering the properties of oxygen, new substances with new 
properties have been formed ; they are therefore chemical 
compounds, and the experiments afford instances of chemical 
action. Taking some of the experiments performed as examples, 
when sulphur burns in oxygen a compound which has a 
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distressing smell and reddens a blue litmus-paper is formed ; 
it is called Sulphur Dioxide. 

Sulphur burning in Oxygen forms Sulphur Dioxide. 

Similarly, when carbon burns in oxygen, a gas which extin- 
guishes a burning taper and turns lime-water milky is formed. 
This compound is known as Carbon Dioxide. 

Carbon burning in Oxygen forms Carbon Dioxide. 

Again, when iron burns in oxygen, a brown powder, which is 
really ordinary iron rust, is formed, as well as a brittle, black 
solid quite unlike the original iron. These compounds are both 
of them oxides of iron. ^ 

Iron burning in Oxygen forms Iron Oxide. 

An examination of these oxides shows that they are identical 
with the products formed when the substances burn in air. 


93. THE INACTIVE PART OF AIR. 

i. The inactive part of air.— Repeat the experiment of allowing 
iron to rust in an enclosed quantity of air over water (p. 307), and 
satisfy yourself that the gas left behind {a) extinguishes a flame ; 
(b) has no action on a litmus paper ; (r) does not turn lime-water 
milky. 

ii. Air can he obtained again by mixing oxygen with the inactive 
part of air. — Again allow' iron to rust in an enclosed amount of air. 
When the volume of gas in the bottle has ceased to diminish, 
remove the muslin bag containing the iron. Place the delivery tube 
from an oxygen apparatus, similar to that used in the experiment on 
p. 324, and by heating the hard glass tube bubble oxygen into the 
bottle until it is again full of gas. Cover the mouth of the bottle 
with a piece of cardboard, lift out the bottle, and test the gas it 
contains with a burning taper : it behaves just like air. 

Nitrogen. — The gas which is left in a bottle of air after iron 
has rusted in it, or phosphorus has burnt in it, or in which any 
one of the instances of burning which have now been studied has 
occurred, will no longer allow a candle or taper to burn in it. 
This is one reason why it is called the inactive part of air. The 
inactive part of air does not affect damp iron at all ; that is, the 
iron does not rust when put into it. The name by which this 
gas is known to chemists is nitrogen. 

Properties of nitrogen. — The gas nitrogen is very inert, 
since it can be made only with difficulty to combine with any 
other substance. It does not burn, nor will it allow other 



NITROGEN AND OXYGEN IN AIR 


329 


substances to burn in it ; or, as usually expressed, it does not 
support combustion. A mouse dies if put into this gas. 

If the negative nature of the properties of nitrogen is borne 
in mind, and is considered in connection with the very active 
powers of oxygen, it will be understood that the presence of 
the gas in the air serves the purpose of diluting the ox 3 T gen, 
weakening its powers, and making combustion much less intense 
than it would otherwise be. 

If nitrogen obtained from air be heated with either mag- 
nesium or lithium, it is found that nearly 1 per cent, of it 
remains unabsorbed This residue is another substance present 
in the atmosphere to the extent indicated, and called argon. 
Argon is also very inert, more so even than nitrogen. Owing 
to this, even until the year 1894, its presence in the air had 
been completely overlooked, although, nearly a century before, 
the eminent chemist Cavendish had unknowingly obtained 
some, regarding it as an impurity which lie had overlooked — 
an example of the importance of giving attention to the 
minutest details in scientific investigations. After the dis- 
covery of argon, four other new gases — helium, neon, krypton, 
and xenon — were found to be permanent constituents of air, but 
they occur in such minute quantities that their presence need 
only be mentioned here. 

Chemical composition of air.— What may be termed the 
fundamental gases in air are oxygen and nitrogen. Argon 
and the four other new gases may for our purposes be regarded 
as part of the nitrogen. Carbon dioxide and water vapour are 
practically always present ; and various other gases, or vapours 
frequently occur in small quantities, but these may be regarded 
as impurities, and ought not to be considered as constituents of 
pure air. The following table shows the percentage composition 
of air as regards volume ; that is, for instance, the number of 
cubic feet of the various gases present in 100 cubic feet of the 


atmosphere : 

Oxygen, a gas which supports combustion, - - 21 ‘00 

Nitrogen, an inert, gas, 78*03 

Argon, an inert, gas, ------ 0*94 

Carbon dioxide, a suffocating gas, - 0*03 

Water vapour, ------ Variable 

Nitric acid, J 

Ammonia, J- - traces 

Ozone, J 
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These proportions are remarkably constant in ordinary air, 
and it is only in localities or under conditions of an exceptional 
character that they vary to any noteworthy degree. In the air 
of mines, the oxygen lias been found as low as 18*6 per cent., 
but this represents almost the lowest percentage of oxygen ever 
obtained from a place where human beings could live. In the 
midst of vegetation, or open ground, especially in the daytime, 
oxygen is present in the proportion of about 21 per cent., but 
never more. 

Nitrogen not only serves to tone down the activity of oxygen 
as a supporter of combustion, but it is also useful to the life of 
plants. A few lowly plants appear* to absorb nitrogen direct 
from the air, but the majority of them obtain it indirectly 
as the result of the action of bacteria existing in the soil or 
in their roots. 

The proportion of carbon dioxide rarely exceeds 3 parts in 
10, (XX) in pure air, and is not often less than 2*7 parts per 10,000. 
During the night the proportion is slightly greater than in the 
day. In the streets of a town the amount of carbon dioxide 
only exceeds the average amount of the open country by about 
1 part in 10,000. In rooms, however, and badly- ventilated 
places, carbon dioxide is often greatly in excess, and oxygen 
is present in a much smaller proportion than it ought to be. 
Carbon dioxide is not essentially a poisonous gas, but it is often 
found in bad company, and when it occurs in excess the ail* of 
which it forms a part is unlit to breathe. 

Ail' always contains a certain proportion of invisible water 
vapour, and when the air is cooled to a suflicient degree this 
vapour becomes visible in the form of mist, fog, cloud, rain, or 
other familiar forms of water (p. 193). Ozone is a peculiar form 
of oxygen, and is usually present in the air of the open country 
or over the sea, but not in that of towns. 

In addition to these and other gases, numerous minute solid 
particles are suspended in air, some of them being living germs. 
They are more abundant in the town than in the country. 

The air is not a chemical compound, but a mixture of 
gases.— In proof of this statement, the following facts and 
experiments may be cited : 

1. The composition of a chemical compound never varies, 
while the composition of air does vary slightly. 
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2. "Whenever a chemical compound is formed, a certain 
amount of heat is developed, and there is generally a change 
of volume. When, however, oxygen and nitrogen are mixed 
in the proportion in which they occur in the air, there is no 
evolution of heat or change of bulk, though the mixture 
cannot be distinguished from air. 

3- The proportion in which oxygen and nitrogen are mixed 
in the air does not bear any simple relation to their com- 
bining weights, whereas in the case of every true chemical 
compound, the amounts of the constituents always bear some 
simple ratio to these weights. 

4. When air*is shaken up with water, some of it is dissolved. 
If air were a chemical compound it would be dissolved as a 
whole , and therefore the dissolved part would have the same 
composition as the undissolved part. But this is not found 
to be the case. The air dissolved in water can be expelled 
by heat, and if it is collected the oxygen in it is found to 
be more in proportion to the nitrogen than it is in ordinary 
air, thus showing that water dissolves more oxygen than 
nitrogen. 

Ordinary air consists of about one-fifth oxygen and four- 
fifths nitrogen by volume; but air expelled from water contains 
about one-third oxygen and two-tliirds nitrogen. 

5. When air is liquefied by intense cold and great pressure, 
and the liquid air is then permitted to evaporate, the nitrogen 
is first given off, so that the liquid becomes richer and richer in 
oxygen. If air were a compound, no one part of it would be 
more volatile than the other. 


CHIEF POINTS OF CHAPTER XXIV. 

Oxygen. — Oxygen is the active part of the air. When red oxide 
of mercury is heated it decomposes into mercury and oxygen. 
Oxygen can also he obtained by heating potassium chlorate, when 
potassium chloride, a substance very like common salt, is left 
behind. 

Oxides. — When some simple substances are heated in oxygen they 
unite with it, forming oxktes. Thus : 

Iron and oxygen form an oxide of iron. 

Phosphorus and oxygen form an oxide of phosphorus 
Carbon and oxygen form an oxide of cni'lxin. 

Sodium and oxygen form an oxide of sodium. 
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Some oxides unite with water to form acids , which turn blue 
litmus red ; the oxide of phosphorus is an example. 

Other oxides unite with water to form alhdint solutions, which 
have a soapy feel and the power of turning reddened litmus blue 
again ; the oxide of sodium is an example. 

Nitrogen. — Nitrogen is the inactive part of the air. It makes up 
80 per cent, (roughly) of the volume of the atmosphere. It is very 
inert. It neither burns nor allows things to bum in it. It is loft 
behind when substances bum in air. 

Air. — The air is a mixture of gases and not a chemical compound. 
Its chief constituents are nitrogen, oxygen, argon, carbon dioxide, 
and w’ater vapour. 


EXERCISES ON CHAPTER XXIV. 

1. What are the chief properties of oxygen ? 

Describe the experiments you would make to illustrate these 
properties. (1898.) 

2. Oxygen and nitrogen are the two chief ingredients in common 
air. State reasons for the usual belief that they are not combined 
together chemically. (1897.) 

3. Describe experiments which prove that air is composed of at 
least two di Horen t gases. 

4. How would you show by experiments that only one part of the 
air is concerned in {a) burning, (//) rusting ? 

5. State approximately what the difference in composition is 
between ordinary air and “dissolved air” which has been expelled 
by boiling from solution in water. (L.M., dune, 1899.) 

6. Describe and explain the various methods with which you are 
acquainted bv means of which air can be deprived of its oxygen. 
(L.M., Jan., *1901.) 

7. What is left behind as a gas when phosphorus burns in a closed 

vessel? What properties lias it? Has it been made to combine 
with oxygen ; and, if so, how ? (L.M., June, 1901.) 

8. Lead forms three well-known oxides. Describe the appearance 
of each su Instance. How does the proportion of oxygen differ in the 
three kinds ? 
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WATER AND HYDROGEN. 

94. ACTION OF METALS ON WATEB. 

i. Iron becomes rusty in water containing dissolved air.— Leave 
a piece of clean iron in water for a few days. Notice that rust 
forms upon it. 

ii. Iron in boiled water does not rust.— Boil some water in a flask 
or clean saucepan for some time so as to drive out the dissolved air. 
Obtain a wire-nail, or a steel pen-nib, and after washing it in soap 
and water to remove oil, dry it, place it in a bottle, and quickly fill 
up the bottle with the boiled water. Insert a tightly -fitting india- 



Fio. 22:2. — A means of obtaining hydrogen gas from water by depriv- 
ing steam of oxygen. 

rubber stopper, being careful to enclose no air between the stopper 
and the top of the water. Place on one side, and examine the iron 
after a few days. No rust will be seen. 

iii. Action of heated iron on water. — Place some iron filings in a 
hard glass tube, having at each end a cork through which a short 
glass tube passes (Fig. 222). To the end C fit a delivery tube from 
a flask containing water previously boiled to drive off the dissolved 
air, and to the other end fit a short piece of rubber tubing. Heat 
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the iron filings well, and boil the water in the llask so that steam 
passes over the heated iron, and then into the water, where it con- 
denses. Now place over the end of the tube A an inverted jar of 
water, and note that the steam is not. completely condensed, but 
that minute bubbles ascend to the top of the test-tube. When 
you have so obtained a sufficient quantity of gas (a few cubic centi- 
metres), first disconnect C from the flask of water, then stop the boil- 
ing. Close the end of the jar with a glass plate. Hold a lighted 
match to the mouth of the jar and take away the glass plate. 
Observe that the gas burns. Examine the iron filings in the hard 
glass tube, and see that a quantity of rust has been formed. 

iv. Action of sodium on water. — Place a small piece of sodium 1 in 
water in an evaporating basin, and quickly put a large glass shade 

over the •hitter ; observe 
the action. Feel the w ater 
left after the sodium has 
all disappeared, and test 
it with red litmus. Eva- 
porate away the water. 
Note the residue. 

v. Collection of the gas 
which sodium turns out 
of water. — Place a small 
piece of sodium in a small 
piece of lead tubing, the 
ends of which are nearly 
closed, and gently drop 
the lead into a pan of 
wetter. A gas is seen 
to come off (Fig. 22v;). 
Collect this in an inverted 
tuhe full of water, and 
by this means obtain three 
Fie. 2*23. Sodium combines with the oxygen test-tubes ot the gas. ()b- 
of water and turns out. the hydrogen. serve that the gas is 

colourless and odourless. 

vi. Examination of the gas produced hy the action of sodium 
upon water. — Take out two of the tubes and hold them for the same 
time, say 30 seconds, (1) with mouth up, (2) with mouth down. 
Then apply a light to the mouth of both. 

Now try the 3rd tube, holding it month down, and place a 
lighted match up into the tube. Note that the gas does not explode, 
but burns quietly, while the match is extinguished. 

Chemical examination of water.— .Before proceeding to 
study the chemical behaviour of water it will be well to 

1 Great wire must be taken when using sodium, which must never be allowed to 
touch damp materials. It is kept under naphtha until used, and should never be 
bandied with the fingers. It should he dried hy blotting-paper when taken from 
the bottle and cut with a clean knife, the pieces not used being immediately 
replaced in the bottle. 
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recapitulate what has been already learnt about it. Water is a 
clear liquid with a blue-green colour, best seen by causing light 
to pass through a considerable length of it. It boils at 100° C., 
and is then converted into steam. It freezes at 0° C., becoming 
ice. Ijs density is 1, Le. the weight of 1 c.c. is 1 gram at 4° C. 
and slightly less at any other temperature, owing to the fact 
that water expands when either cooled below or heated above 
4° C. It has the power of dissolving many substances — e.g. salt, 
sugar, etc. — forming solutions from which the water may be 
evaporated away, leaving the solid behind. But these facts tell 
nothing of tjie chemical nature of water. By suitable 
experiments, however, the mutual action between water and 
some other substances may result in entirely different products. 
It has been seen that when iron is left in water it forms a con- 
siderable quantity of rust. But this may be due to the air 
which may be dissolved in water, for if the iron be placed in a 
tube containing water, which has first been well boiled to drive 
off the air, and the tube is then sealed in a blow-pipe, the iron 
either does not rust or does so to only a very slight extent. 

If, however, the iron is heated and water is passed over it in 
the form of steam, in tin; manner described in Experiment 94 iii., 
a chemical action begins which teaches several important facts 
about the composition of water. Not only do the iron filings 
become rusty, just as they do when exposed to damp air, but a 
gas, insoluble in water, which can be collected over a trough, 
as shown in Fig. 222, is obtained. This gas burns when a lighted 
taper is brought near it. 

Action of sodium upon water.— Tt has been seen that from 
steam and iron it is possible to obtain iron rust, that is, iron 
oxide, and an inflammable gas. This fact suggests that water 
contains this inflammable gas as well as oxygen, and a way to 
test this is to find something which has a powerful chemical 
attraction for oxygen, for, if this substance is placed in contact 
with water, it will take up the oxygen and leave the other con- 
stituent or constituents of water. Such a substance is the 
metal sodium. 

When a small piece of sodium is thrown upon water it swims 
about on the surface with a hissing noise : and the solution, 
after the sodium has all disappeared, has a soapy feel and t urns 
red litmus blue. In this ease it can be seen only that the action 
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is energetic and a new product is formed, while the soapy feel of 
the water and its action on litmus appear to indicate that this 
product is the same as that obtained when sodium is burnt in 
oxygeu and the fumes formed are dissolved in water. If the 
pellet of sodium is enclosed in a piece of lead piping, the £iids of 
which are flattened, the gas comes off in such a. way that it can 
be collected with ease, and is then observed to be colourless and 
to have no smell. If two tubes, which have been Idled with the 
gas (Fig. 223) and held for thirty seconds, one with its mouth 
upwards and the other with its mouth downwards, have a 
lighted match applied to them, it is found that there is no effect 
with the first tube and a slight explosion with the second. 

The slight explosion of (2) shows it to contain an explosive 
gas, while the absence of any effect with (1) allows that the gas 
has all disappeared. Hence, it is seen that the gas escapes from 
a tube held mouth upwards, but not so quickly from one held 
mouth downwards. It is therefore lighter than air, being in 
fact the lightest gas known. 

If a third tube of the gas is examined in the same way, 
immediately on taking it out of the water, the gas does not 
explode, but burns quietly. 

95. PREPARATION AND PROPERTIES OF 
HYDROGEN. 

i. Preparation of hydrogen. — Select a flask and fit it up as is 
shown in Fig. 224. Be very careful that the stopper and the tubes 
respectively fit very closely. Into the flask put enough granulated 
zinc to cover the bottom. Pour some water upon the zinc. Arrange 
the delivery tube in the trough as when making oxygen. Pour a little 
sulphuric acid down the thistle-headed acid funnel, and he quite 
sure that- the end of the funnel dips beneath the liquid in the flask. 
Do not collect bottles of the gas until you are sure pure hydrogen is 
being given olf", which you can find out in this way. Fill a test- 
tube with water and invert it over the end of the delivery tube. 
When it is full of gas, still holding it upside down, take it to a 
flame (which should not be near the flask lit use) ; notice that 
there is a slight explosion. C ontinue tin’s until the hydrogen burns 
quietly down the test-tube. When this happens proceed to till one 
or two bottles. When the Itottles have been filled, it is better not 
to remove them from the water until you want to use them. Collect 
also a soda-water bottle half full of the gas. 

Caution. — lit cartful not to briny a liyhf near the t hist ft funnel or 
tube (leli reriny the yax, even v'he.n the action in the Jlaxlc seem# to bare 
ceased, or a dangerous explosion may occur. 
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Be careful also that none of the acid used yets upon your fingers or 
clothing. 

ii. The liquid left in the flask. — Filter off the liquid in the flask 
from the undissolved zinc (sufficient zinc should be used to leave a 



Fig. 224.— Zinc turns hydrogen out of dilute sulphuric acid. 


quantity still undissolved : if all has disappeared add more and wait 
till the action ceases). Partially evaporate the liquid and allow it 
to crystallise. A quantity of dear colourless crystals are formed. 
Examine them and sketch the most perfect. Heat some of the 
crystals in a tube and observe that they melt, give off water (which 
can be collected and proved to be water), and leave a white powder. 

iii. Hydrogen burns hut — 

extinguishes a flame. — Test 

one jar of the; gas by means ^ fp f Jb h 

of a lighted match or taper. Jmmil 

Observe that the gas burns ^JQ|| 

at the mouth of the jar Mg) i S|n| 

and that the taper is ex- yjT f 

tinguished when thrust into • ^ n jj \fijr 

the tube ; on being taken ,.,>1-*--^ .1 

out, the taper again be- .fi 

comes alight on passing '4 

through the flame of the •jgSSir g uyj'jk 

bu rn i ng hydrogen (Fi g. 225). 

iv. Hydrogen is lighter ; .r- 

than air. — Take a full jar j- f f: 

of the gas and hold it mouth 'm-? 

upwards below a second 
smaller jar held mouth 

downwards, as shown in Fig. 22a— Tlic liydrogen burns at tlieinouth 
rv of Ilic ifir, but the mndic is extinguished 

hig. -wb. On testing with W ] 1C11 inside the jar of hydrogen, 

a lighted taper observe 

that the gas has left the lower jar and filled the upper. Many 
experiments, as the filling of balloons or soap bubbles, may 
also be performed to demonstrate the extremely low density of 
hydrogen. 
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v. Hydrogen forms an explosive mixture with air. —Wrap your 
hand in a duster and with it hold the 
soda-water bottle (Expt. 95 i. ). Take it 
out of the water so that the water runs 
out, and the bottle is now filled with 
a mixture of hydrogen and air. Apply 
alight and you will not fail to observe 
that an explosion results. 

vi. The flame of burning hydrogen. — 
Fit a right-angled tube drawn out to 
a point to a hydrogen generator, as 
shown in Fig. 227. After pouring a little 
sulphuric acid down the thistle funnel, 
collect a test-tube of the ges issuing from 
the straight tube, and hold the mouth of 
i. 22G. — Hydrogen is lighter the test-tube near a flame, which must he 
air and can be poured up. a few feet away from the generator. The 
w “ ,uS * gas will at first go off with a pop, or burn 

with a squeaking noise, but after two or three trials it will burn 
quietly, with a blue flame. When you can carry thin flame of burning 
hydroyen to the apparatus from which the 
gas is being produced , do so, and use it to 
ignite the gas escaping from the pointed 
tube. If you remember always to do this, 
there can be no danger, for when you are 
able to carry a flame of hydrogen in a test- 
tube of the gas, for a distance of two or 
three feet to the generating apparatus, 
you may be sure that the hydrogen issuing 
from the apparatus is not mixed with air. 

Light the hydrogen in this way. 

Observe that it burns with a pale blue 
flame, which after a time becomes yellow. 

This coloration is due to tin* glass 'incom- 
ing hot, and some of the substances in it 
being burnt in the flame of hydrogen. 

vii. Hydrogen can be collected by upward 
displacement. — Substitute for the delivery 
tube in Expt. 95 i. a tube bent twice at 
right angles, as shown in Fig. 228, and 
arrange a jar on a retort-stand in an in- 
verted position. Place a test-tube over 
the upright tube, and allow it to stay there 
for a minute, and test the gas as described 
in Expt. 95 i.. When it is pure, substitute 
the inverted jar, and after a few minutes 
lift it off the stand and apply a light, first 
taking the precaution to wrap a duster 

round the jar and to hold it away from your *«,.—*** . lU . Ki; ...v..u 

face. The jar will be found to contain obtaining a ilame of hydrogen, 
hydrogen . 



Fio. 227.— Arrangement for 
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Preparation of hydrogen in large quantities.— It has been 
seen that from water and sodium it is possible to obtain an 
inflammable gas, lighter than 
air, which does not support 
combustion ; and a solution 
which behaves like the solution 
of sodium oxide is also formed. 

The most natural inference is 
that the water contains this in- 
flammable gas, which is called 
hydrogen, combined with oxy- 
gen. Before proceeding to 
verify this, it will be well to 
examine more carefully the 

properties of the inflammable 

ga8 , and to do this it is neces- K]n _ 2 o 8 ._ Hj . drogcll Mng li( , Mcr 
sary to collect the gas in greater llj ;m air call be collected by upward 
quantity than hitherto. It is dls i ,latcmclli * 
prepared by acting upon dilute sulphuric or hydrochloric acid 
with zinc or iron, the former metal being generally used. 

The apparatus suitable for the preparation of hydrogen in 
this way is described in the experimental work (p 336). Owing 





Fig. 229.— Cry. stills of zinc sulphate. 

to the slight solubility of hydrogen in water, it can be collected 
in the same way as oxygen over the pneumatic trough. If, when 
the chemical action in the flask has completely stopped, the 
liquid is filtered from the still undissolved zinc, as previously 
explained, and then partially evaporated in a basin and after- 
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wards allowed to crystallise, a quantity of clear colourless 
crystals is formed. These crystals melt if heated in a tube, 
give off water, and leave a white powder. They consist of a 
compound formed from the zinc and part of the sulphuric acid 
and are known as zinc sulphate (Fig. 229). 

We may therefore state that sulphuric acid and zinc form 
hydrogen and zinc sulphate. Or, the same fact may be expressed 
in another way : 


when 

SuLrnumc acted 
Acid upon 
with 


Zinc gives 


Zinc 

Sulphate 


and II YnitoGEN. 
a 


Water of crystallisation. — Many crystals behave like zinc 
sulphate on being heated, i.c. they lose water which they pre- 
viously contained, and become converted into a powder. The 
water contained in a crystal and evolved on heating is known 
as water of crystallisation. Some substances, like blue vitriol 
(copper sulphate), change in colour when their water of crystal- 
lisation is driven out by heat ; but the colour can be regained 
by adding water. 

Properties of hydrogen. — Having now a means of obtaining 
hydrogen in considerable quantity, it can be observed that it is 
a colourless, odourless gas, considerably lighter than air ; it 
burns, but does not support combustion, and it forms a highly 
explosive mixture when mixed with air. Jt is now necessary to 
obtain and examine the compound which is produced by the 
burning of hydrogen — that is, the oxide of hydrogen. 


96. WHEN HYDROGEN BURNS WATER IS FORMED. 

i. Water is formed by burning hydrogen. — (a) Arrange a flask as 
before for the production of hydrogen. Pass the gas through a tube 
containing chloride of calcium in order to dry it thoroughly. Allow' 
it to burn under a retort which is kept cool by a stream of water 
flowing in at the tubule and out at the end of the neck (Fig. 230). 
Observe the formation, on the outside of the retort, of a clear liquid 
which collects and drops into a beaker placed to receive it. by 
this means sufficient of the liquid can he obtained to identify it, 
especially if several students add together the liquids formed in 
their experiments. 

{}>) Take the density, freezing point (a mixture of sodium sulphate 
and hydrochloric acid forms a convenient freezing mixture), and 



Fiu. 230 .*- The water formed when hydrogen burns in the air can be 
collected and examined. 

find those are 1, 0° C., and 100° C. respectively, and these results 
are sufficient to enable it to Ik* stated that the liquid is identical 
with pure water. 

ii. Analysis of water. 

— This may be done by 
means of an electric 
1 »att cry for generating 
the electric current, and 
a t'oUaim h'.r. The latter 
is most simply made by 
closing the bottom of a \ 
funnel by means of a \_ 

tightly- fitting cork ? 

through which pass two — — EEE := =~y 

platinum wires with — / 

small plates of platinum 1 

attached to the ends , 

remaining in the funnel ^ 

(Fig. *231). Over these 
plates are supported 

two glass tost- tul h‘s of {SHE? Urk 

equal capacity, and the. 

tubes ami part Of the ^ to Battery J V • tv Bedterv —* 

funnel* are filled with r ’ "7 

« ttl to winch hns lu.t n analysed bv the oleetrie invent, 

added a little sulphuric 

acid, as otherwise the liquid oilers great resistance to the passage 






- voltameter in whi h watc" 
analysed by the oleetrie in vent. 
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of the electric current. The wires from a lottery of three or four cells 
are connected with the ends of the platinum wires, and as soon as the 
connection with the battery is complete, provided there is clean 
metal at every junction, bubbles of gas are seen to rise from each 
platinum plate, and to ascend into the tube and displace the con- 
tained liquid. After the experiment has gone on for half an hour, 
the gases may be tested and their volumes measured. It will be 
found that the volume of one gas is double that of the other, and 
that the gas of which there is the larger amount is hydrogen , whilst 
the other is oxygen. 

Formation of water by burning hydrogen. — When a jet of 
burning hydrogen is brought into contact with a cold surface, 
such as a cold glass, the prqduet of com- 
bustion, the oxide of hydrogen, is con- 
densed. If after a sufficient quantity of 
the liquid lias been collected it is examined, 
it is found (a) to have a density of 1, (/>) to 
freeze at 0°C., and (c) to boil at 100°O. 
These are the physical characteristics of 
water and of no other substance, so we are 
justified in stating that tin's liquid, formed 
when hydrogen burns, is water. 

Previous experiments have indicated 
that water contains hydrogen and oxygen, 
so that it can now be said that : Hydrogen 
in burning produces water, which is, there- 
fore, an oxide of hydrogen. 

Proportions of oxygen and hydrogen 
in water. — The proportions in which the 
oxygen and hydrogen combine during the 
formation of water must now be considered. 

Fig. 232 .— a ISrnpie This may be done in either of two ways — 
form of The v i z . by finding the weights of the gases, 

tinum win s is si. or by finding the volume of the gases, which 

the elldiometerf t0p ° f combine. For the latter purpose it is neces- 
sary to measure out definite volumes of 
oxygen and hydrogen, cause them to combine, then measure the 
volume of gas which remains uncombiried and ascertain which 
gas it is. This is usually- done in a piece of apparatus know r n 
as a eudiometer (Fig. 232). In its simplest form this consists 
of a long glass tube closed at one end and graduated in equal 
volumes, usually cubic centimetres, by divisions marked on the 
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glass. Through opposite sides of the tube, at the closed end, pieces 
of platinum wire are passed and fused into the glass, being so 
arranged that they do not quite touch one another. Outside 
the tube the platinum wires are bent into loops to which wires 
from # an electric coil may be attached so that an electric spark 
can be passed between the ends of the platinum wires inside 
the tube to explode the mixed gases. The effect is not essen- 
tially electrical. The spark simply served the purpose of 
raising the temperatue of the mixture to the point of ignition. 
Using an instrument of this kind, it can be proved that 
2 volumes hydrogen combine with 1 volume of oxygen to 
form water. 

Such a process as this — the formation, that is, of a compound 
from simpler materials — is known as a synthesis. 

The same fact may also be found by the analysis of water — 
that is, by breaking the liquid up into its components, which 
can be done by means of an electric current. The apparatus 
shown in Fig. 231, and called a voltameter, may be used. 
Water slightly acidulated to render it a conductor of elec- 
tricity has an electric current passed through it between 
electrodes of platinum. The electric current tears apart the 
constituents of water and liberates them separately, one from 
each electrode. At the electrode where the current enters 
the liquid, called the anode, oxygen is set free, while hydrogen 
bubbles from the kathode. If the gases are collected in two 
test-tubes inverted over the electrodes, it will soon be obvious 
that the decomposed water yields two volumes of hydrogen 
to each volume of oxygen. Such decomposition or breaking up 
of chemical compounds by means of an electric current is called 
electrolysis. This method of analysis is applicable to many 
other chemical compounds as well as water. Electrolysis is 
not only of scientific interest, but of great commercial and 
industrial importance. 


97. COMPOSITION OF WATER BY WEIGHT. 

i. Action of hydrogen on heated copper oxide. — Arrange an 
apparatus like that shown in Fig. 233, in which a flask A for the 
making of hydrogen is connected with the bottle B containing strong 
sulphuric acid. The passage of the hydrogen through the strong 




HYDROGEN STRONG 
FLASK SULPHURIC ACID 

Fio. 233.— When hydrogen is passed over heated oxide of copper it 
extracts the oxygen, with which it forms water, and leaves copper 
behind. 


ii. Composition of water. — Put some copper oxide into the tube 
AC, and carefully weigh the tube. Similarly the weight of the 
U-tube C and its contents must also be determined. As in the 
last experiment, when you are sure pure dry hydrogen is escaping 
from the open end of G, heat the copper oxide by means of the 
laboratory burner. Be sure? that all the water formed is collected 
by the U-tube. If any condenses at the end of the hard glass tube 
AC, drive it over by heating the. tube .at this place. 

Allow the tube AC to cool. Disconnect it at A and C, and again 
determine its weight and that of its contents. Notice the dim- 
inution in weight. Also weigh the U-tube again, and observe its 
increase in weight. 


Relative weights of the constituents of water.— To find 
the composition of water by weight- that is, the weights of 
oxygen and hydrogen which combine to form water— it should 
be noticed that we only require the weights of two out of the 
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three substances concerned, i.e. if we know the weights of 
hydrogen and water (or of oxygen and water), the weight 
of the oxygen (or hydrogen) is readily calculated. The experi- 
ment is done by finding the weights of the oxygen and water, 
and for this it is best to use, not oxygen itself, but some oxide 
which 'readily gives up its oxygen to the hydrogen, so that by 
weighing the oxide before and after the experiment we can 
ascertain the weight of oxygen which it has lost. The oxide 
used for this purpose is usually oxide of copper, a black powder, 
which it has been seen is obtained when air is passed over red 
hot copper. Pure dry hydrogen is passed over the heated 
oxide, and it combines with the oxygen of the oxide to form 
water and leaves the copper behind. 

By weighing the water produced and subtracting from it the 
weight of the oxygen used, the weight of the hydrogen can be 
found. If the experiment is carefully performed it is found 
that water is formed of eight-ninths its weight of oxygen with 
one-ninth its weight of hydrogen. 

This experiment, also taken in conjunction with other experi- 
ments upon the volumes of the gases, proves further that any 
volume of oxygen is 10 times heavier than the same volume of 
hydrogen. 


98. HARD AND SOFT WATERS. 

i. Solution of chalk in water. —Pass tin* gas obtained from an 
apparatus like that shown in Fig. ‘231 containing pieces of marble on 
which hydrochloric acid lias been poured, into clear lime-water until 
the solution is clear again, alter first becoming milky. Boil a part 
of the clear solution in a test-tube. Observe the return of the 
milkiness. What is the cause? 

Boil in a flask a little natural water which is hard because of the 
presence of chalk : observe that the water becomes milky. 

ii. Soap solution to test the hardness of water. -Dissolve some 
Castile soap in spirits of wine and label the solution “soap solution." 
Add a few drops of soap solution to distilled water. {Shake the 
mixture. Notice a lather is easily formed. 

iii. Temporary and permanent hardness of water. — {a) Add soap 
solution to some of the clear solution obtained by passing carbon 
dioxide for some time through lime-water (Fxpt. 98 i.). Shake the 
mixture, and observe that a lather is formed only after a consider- 
able quantity of soap solution has been added. 

(/>) Similarly show, that it is difficult, to make a lather with a 
solution of calcium chloride. 
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(c) Boil portions of the solution in the last two experiments before 
adding the soap solution. Soap lathers in the first solution quite 
easily after it has been boiled : boiling makes no difference to the 
second solution. 



Fig. 234. —When carbon dioxide is passed into clear lime-water, the 
water turns milky, and afterwards clears. The inilkincss is again 
obtained by boiling the lime-water. 

iv. Hardness of sea-water. -Try whether the soap solution forms 
a lather when shaken up with sea-water. Does boiling make any 
diU'erenee ? 

Natural waters. — The great solvent power which water 
possesses has been studied already. It is in consequence of 
this that perfectly pure water does not occur naturally. At 
the moment of its formation rain is pure water, yet no sooner 
is it formed than it begins to dissolve various substances. In 
its passage through the air it takes up varying amounts of the 
gases which make up the atmosphere, such as oxygen and the 
gas called carbon dioxide. When the surface of the earth 
is reached, the water dissolves portions of all the soluble 
ingredients of the soil and the underlying rocks. The most 
soluble bodies arc, of course, dissolved to the greatest extent. 
The solvent power of water is considerably increased by the 
presence of the, carbon dioxide it dissolves, partly from the air 
and partly from the soil 
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The sea, from long contact with the earth and the soluble 
substances in it, is charged with dissolved matter, so that its 
water is salt. The fresh waters of rivers and springs have only 
a small proportion of the substances which give the strong 
taste to sea water. 

The substances dissolved are chiefly sulphates, carbonates, or 
chlorides of calcium, sodium, and magnesium, the quantity 
present varying from 0 05 grm. to 3 grin, per litre. River water 
always contains less dissolved matter than spring or well water. 
We can understand why this is so by remembering that rivers 
are chiefly fe^ by surface water, that is, water which has not 
been in contact with the mineral substances through which 
spring water passes on its way to the surface. 

The impurities in river water may be of two kinds, suspended 
and dissolved. The former, which consist of iusolul.de sub- 
stances and cause the muddy appearance of rivers after rain, 
may be removed by filtration. Dissolved impurities are 
separated from the water when it is evaporated. If the 
escaping vapour be condensed, pure water is obtained. 

The chief substance in sea water is common salt, and in some 
countries, where this compoun 1 is not found in mines, as it is in 
England, the sea water is evaporated and the crystals of salt 
as they form are removed and dried. The liquid remaining 
contains magnesium chloride. In England it is the custom some- 
times to flood the salt mines with water, allow it to remain till 
saturated with salt, and then to pump the salt solution, or brine, 
to the surface and evaporate it in large flat iron vessels called salt 
pans. The salt is thus obtained either as a fine white crystalline 
powder or in large crystals according to the rate at which the 
evaporation proceeds and to the time during which the crystals 
are allowed to remain in the liquid after they are formed. 

When a natural water, other than sea water, is strongly 
charged with dissolved substances it is called a mineral water. 
Waters which contain a compound of sulphur and hydrogen, called 
sulphuretted hydrogen, are spoken of as sulphur waters : if some 
compound of iron is the substance which has been taken up in 
large quantities, we have chalybeate waters formed. Effervescent 
waters "contain a great amount of dissolved carbon dioxide. 

Hard and soft waters. It is a fact familiar to every one 

that soap lathers very easily in some waters and not at all 
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in others. If rain-water be used, the lathering takes place 
with great ease, while with the water which is supplied to some 
towns a lather can only be made with difficulty ; and if we 
attempt the 'same process in sea- water there is no lathering at 
all. Those waters in which Boap lathers easily are said to he soft 
When this is not the case the water is spoken of as hard. The 
explanation is a simple one. Water dissolves materials out of 
the rocks below the soil, and often takes up, among other 
things, compounds of calcium and magnesium, which unite with 
soap forming a new compound of an insoluble kind ; and, in 
consequence, there is no lathering until all tlyi calcium and 
magnesium have thus combined with soap, after which the 
solution and lathering of the soap begins. The soap which com- 
bines with the dissolved materials is, of course, wasted. 

Temporary and permanent hardness.— Hard waters differ 
among themselves. Some can be softened by mere boiling, and 
when this is the case the hardness is said to be temporary. If 
the hardness is not removed after the water lias been boiled, 
and the water requires the addition of a chemical to soften it, 
such hardness is termed permanent. As has already been men- 
tioned, the presence of carbon boxide in water gives it the 
power of dissolving substances which would be otherwise 
insoluble in it. Chalk, known to chemists as calcium carbonate, 
is insoluble in pure water, but in water in which there is carbon 
dioxide it dissolves to a considerable extent. As soon as this 
dissolved gas is got rid of, which can be done by boiling, the 
chalk, being no longer soluble, is thrown down upon the sides 
of the vessel. It forms in this way the incrustation which is 
found on the insides of kettles and boilers 
(Fig. jJ3r>). 

Permanent hardness is due to the 
presence of dissolved calcium sulphate 
and other compounds. Since these sub- 
stances are soluble in pure water, mere 
Fio. 23r>.— The deposit, or boiling will not get rid of them. Wash- 
chiefly of chalk. mg soda, which is a form or sodium 

carbonate, softens such water as this by 
causing the formation of calcium carbonate in the place of the 
calcium sulphate. 





tlenscd, the water formed is quite pure. To obtain pure 
water from any kind of water, then, whether fresh or salt, 
all that has to be done is to boil it and condense the steam 
which is given off. The dissolved materials are all left behind 
in the vessel in which the boiling takes place. An arrange- 
ment for condensing steam or vapour is shown in Fig. 22(>. 
The steam driven off from the water in the retort passes into 
a flask kept cool bv resting upon a basin of cold water, and 
is thus condensed. 


CHIEF POINTS OF CHAPTER XXV. 

Water is a clear liquid with a hlue-green colour. It boils at 100' C\, 
when it is converted into steam. It freezes at 0° ( \ . becoming ice. 
Its density at 4°C. is 1. It possesses great solvent power. 

Preparation of hydrogen. — Hydrogen is best prepared by acting 
upon a dilute acid with a metal. Sulphuric acid and zinc have been 
found to be suitable. 

Properties of hydrogen. — It is a colourless, odourless gas, con- 
siderably lighter than air. It does not support combustion but 
itself burns in air. It forms an explosive mixture when mixed with 
air or oxygen. 

Production of oxide of hydrogen. My collecting the product of 
combustion when hydrogen is burnt, and examining it, it is lound 
to he a*elear liquid with density 1, boiling point 100“ C., freezing 
point 0°C. The product, or oxide of hydrogen, is thus seen to he 
really water. Hydro; fen. in burning product# wafer, winch ut, there- 
fore, an oxide of hydrogen , 
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Composition of water by volume. — This can be determined by 

means of a eudiometer. Two volume # of hydroyen combine with one 
volume of oxygen to form uniter. 

The analysis of water is effected by passing an electric current 
through water contained in a voltameter. 

Composition of water by weight. -Pure dry hydrogen is^ passed 
over heated oxide of copper. The hydrogen combines with the 
oxygen of the oxide, forming water, and leaves the metallic copper 
behind. The water formed is collected and weighed. The copper 
oxide is weighed before and after the experiment. Its loss in weight 
shows the amount of oxygen in the water formed. The difference 
between the weight of the water formed and the oxygen it contains 
tells us the weight of the hydrogen in the water. When carefully 
performed, the experiment shows that water informal of eight -ninths 
it s weight of oxygen and one-ninth its* weight of hydrogen. 

Natural waters generally contain dissolved materials. When the 
amount is very large the water is called a mineral water. Natural 
waters containing sulphuretted hydrogen are called sulphur waters ; 
those containing compounds of iron are called chalybeate waters ; 
and those containing much carbon dioxide are spoken of as efferves- 
cent. 

Hard and soft waters. — Those waters in which soap lathers easily 
are said to hew/?. When such is not the case the water is spoken 
of as hard. Hard waters which can be softened by boiling are said 
to have temporary hardness. If the water cannot be thus softened, 
but requires the addition of a chemical, its hardness is said to be 
permanent. 


QUESTIONS ON CHAPTER XXV. 

1. Describe three different methods by which hydrogen maybe 
obtained from water. 

How would you prove that air contains one of the constituents of 
water? (1897.) 

2. What are the chief impurities in common water? How would 
you obtain pure water? Make a sketch of the necessary apparatus 
and explain the use of its several parts. (1897.) 

3. What chemical reaction takes place when a small piece of 
metallic sodium is thrown into water? 

How would you test whether the solution left is acid or alkaline, 
and how would you prepare from it some common salt in the 
crystalli ne state ? ( 1 899. ) 

4. Enumerate the differences in physical properties exhibited by 
sea and fresh water respectively. How can a specimen of common 
salt be prepared from sea water? (London Matrie., 1900.) 

5. Blue vitriol heated over a lamp becomes white ; oh being 
treated with water the blue colour is restored. Explain the reason 
of these changes. (1900, Day.) 



CHAPTER XXVI. 

CARBON AND SOME OF ITS COMPOUNDS. 

99. FORMS OF CARBON. 

i. Carbon is obtained in organic substances. — Heat a series of 
organic substances, such as meat, wood, potato, egg, etc. , in a 
crucible, and notice in all eases the production of a black residue, 
consisting largely of carbon. Heat more strongly and observe that 
it burns away, leaving an almost colourless €ash. 

ii. Properties of carbon. — Examine and write down the properties 
of as many of the following forms of carbon as you can obtain : 
diamond, blaeklead, wood -charcoal, bone-black, and soot. 

iii. Charcoal is porous, ---(«) Show that, charcoal floats in cold 
water. In boiling water ehareoal sinks after a time, and then will 
not float again unless thoroughly dried. This is because air is 
driven out of the charcoal by the warmth of tlie water. 

(h) Fill a large test-tube with ammonia gas (see p. 395) over 
mercury, and show that it can be absorbed by introducing a. small 
lump of charcoal. This is a striking proof of the porosity of carbon. 

Forms of carbon. — Carbon is a substance which is very 
widely distributed in nature, being present in all living matter, 
and in most products resulting from vital activity. 

Carbon occurs, combined with other substances, in many rock 
masses, being a constituent of all the minerals known as car- 
bonates. Combined with oxygen as carbon dioxide, it occurs in 
the atmosphere and dissolved in spring waters. 

Diamond. —In the pure state carbon exists in various allo- 
tropic forms (p. 379). Of these the purest and the most valuable 
is the diamond. This form of carbon is crystalline, and very 
hard, being capable of scratching all other materials. Its re- 
fractive? index (p. 224) is very high, and on this depends its 
brilliancy as a gem. Diamond is proved to consist of carbon by 
burning it in air or oxygen, when only carbon dioxide results. 
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Blacklead or graphite is another form of almost pure 
carbon, with properties totally different from those of the 
diamond. It is opaque and black, and so soft that it will mark 
paper. It is really a crystalline form of carbon, although 
good crystals are not very common. It occurs naturally in 
mines, chiefly in California, and was formerly largely obtained 
from Cumberland. Besides its use for lead pencils, it is also 
used as a lubricant. 

Amorphous varieties. —Other forms of more or less pure 
carbon in an uncrystallised or amorphous state arc coke, and gas 
carbon, which result from the heating of coal ; lafapblack, which 
is the carbon deposited by oils, etc., burning in an insufficient 
supply of oxygen ; and wood charcoal, obtained by heating wood 
in closed retorts or in stacks under earth. 

Charcoal has the power of absorbing colouring matter, and on 
the latter account it is used for decolorising solutions coloured 
by organic matter. Animal charcoal is really a misleading term, 
as the quantity of carbon present is usually only about 10 or 12 
per cent., the remainder being chiefly bone ash. 

Both animal and wood charcoal are very porous substances, 
and they have the power of absorbing gases to a large extent. 
Wood charcoal is used considerably on the Continent for heat- 
ing purposes. Both kinds are useful in destroying noxious 
vapours. 

Coal contains large quantities of carbon, especially the harder 
or anthracite coals, where the quantity may reach 94 per cent., 
being, however, only about Go in brown coal or lignite. 

Whenever any of the kinds of carbon burn freely in a good 
supply of air or oxygen, carbon dioxide is the compound formed, 
thus affording evidence that the three varieties are only allo- 
tropic forms (see p. 379) of the simple substance carbon. 


100. CARBON DIOXIDE PRODUCED BY BURNING 
AND BREATHING. 

i. When carbon is burnt carbon dioxide is formed. — {a) Heat 
strongly a piece of charcoal in a closed hard glass test-tube and show 
that without air it does not bum. 

{b) Suspend a piece of glowing charcoal in a bottle containing 
lime-water. Shake up and show that the lime-water is turned 
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milky. Carbon dioxide can always bo distinguished by this action 
upon lime-water, for it is the only common, colourless, inodorous 
gas which turns lime-water milky. 

ii. Carbon dioxide is produced by a burning candle. — (a) Burn a 
candle or taper in a clean dry white bottle (Fig. 214). After the 
flame has been extinguished, withdraw the taper. Pour a little 
freshly made lime-water into the bottle and shake it up. Notice 
the milkiness of the lime-water. 

(b) Cut a long thin chip of wood, hold it in the flame of a labora- 
tory burner until it burns brightly, then thrust it into a cylinder or 
bottle, the bottom of which is covered with lime-water to the depth 
of about an inch. When the stick ceases to burn, withdraw it and 
shake the lime-water. 

iii. Carbon dioxide produced by breathing. — (a) Blow through a 
piece of glass tube into some clear, freshly -made lime-water con- 



Fio. 237. — The air "breathed out 
from the lungs contains car) ion di- 
oxide, and will turn clear lime- 
water milky. 



Fni. 23s. — Air drawn into A docs not 
turn the lime-water milky; lint when 
blown through Ji from the lungs the lime- 
water in Ji is turned milky. 


tamed in a wine-glass or tumbler. Milkiness is at first produced, 
but if the blowing is continued long enough it. disappears. 

Fill a jar with water and invert it in a basin of water. Blow air 
from your lungs into the jar by means of a tube. When the jar is 
full of air place a glass plate under it and lift it out of the water. 
Show that the air will extinguish a lighted taper. 

(b) Repeat t he two preceding experiments bv blowing air from a 
bellows instead of from the lungs. Notice that this unbreathed air 
has not the same effects upon a lighted taper or lime-water as 
breathed air. 

iv. The air contains carbon dioxide. — Pour some clear lime-water 
into a blue dinner plate, or some other shallow vessel of a dark 
colour. Leave it. exposed to the atmosphere for a little while. 
Notice the thin white scum formed on the top. The carbon dioxide 
in the air has turned the top layer of liquid milky. 

v. Breathing changes the character of air. Fit two bottles with 
corks and tubes as shown in Fig. 238. See that the corks are air- 

L.S. I. z 
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tight. Put some clear lime-water into each bottle. Place the tube 
C, or an india-rubber tube leading from it, in your mouth. When 
you suck at the tube, air is drawn in through the glass tube which 
dips into the lime-water in the bottle A. When, however, you 
blow instead of sucking, your breath passes out through the tube 
which dips into the lime-water in the bottle B. Notice t.hat the 
lime-water in A remains clear, but that in B is rendered milky by 
the air you breathe out. You thus see that fresh air has little effect 
upon lime-water, but breathed air quickly turns clear lime-water 
milky. 

vi." Oxygen from plants.— Take a bunch of fresh watercress, or 
water weeds, and put it into a beaker or glass jar very nearly filled 

witli water saturated with 



Fia. 239. — Green plants in bright sunlight 
can decompose carbon dioxide. They keep 
the carbon for themselves and liberate the 
oxygen. 


carbon dioxide. Cover the 
plants with a funnel nearly 
as wide as the jar, as sliow T n 
in Fig. :239. Fill a test-tube 
with water and invert over 
the funnel. If properly 
managed there should at 
first be no gas in the test- 
tube. Place the jar in bright 
sunlight for an hour or two 
and then examine it. You 
will notice bubbles of a gas 
have collected at the top of 
the tube. Test the gas with 
a glowing splinter of wood. 
It is found to be oxygen. 

vii. Plants in sunlight and 
in darkness. — Repeat the 
whole experiment, but in- 
stead of putting the bottle 
in bright sunlight place it 
in the dark. Observe that 


in such circumstances no bubbles of oxygen are formed. 

viii. Carbon in plants. — Take; some; green portions of a plant 
(le;aves will do) and heat the;m on a piece of tin plate over a labora- 
tory burner. Note that they become charred, showing the presence 
of carbon in them. 


Production of carbon dioxide by burning,— When things 
such as (kindles, oil, gas, and wood are; burnt either in the air or 
in pure oxygen, a gas is produced which lias the power of turn- 
ing lime-water milky. All these substances contain, in one 
form or another, a constituent called carbon. As you lujve seen 
in previous chapters, the gas produced when these substances 
burn is carbon dioxide, that is, the gas obtained by burning 
carbon in air or oxygen. In fact, whenever a substance rich in 
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carbon burns in a plentiful supply of air or oxygen, this carbon 
dioxide is produced. Knowing how many fires there are in 
houses, furnaces, engines, and so on, it is not difficult to under- 
stand that at every hour of the day very large quantities of 
carbon dioxide are formed, which escape, sooner or later, into 
the air. 

Carbon dioxide is given off in breathing.— If a person 
blows with the mouth into clear lime-water the lime-water is 
turned milky. This is another important fact. It is clear that 
carbon dioxide escapes from our mouths in breathing ; and so 
it does from every animal. Not only, then, do all cases of ordi- 
nary burning result in the addition of carbon dioxide to the air, 
but also every act of breathing. It does not matter how small 
an animal is, all the time it is alive it is continually adding to 
the atmosphere a certain amount of the colourless, odourless gas 
which puts out flames and turns lime-water milky. 

Purifying action of plants.— That there is always a certain 
amount of carbon dioxide in the air can be proved by exposing 
fresh lime-water in a shallow vessel. Very soon the lime-water 
becomes covered with a thin white layer of chalk, which is 
formed by the combination of the carbon dioxide in the air with 
the lime in the lime-water. One reason why there is never very 
much carbon dioxide in the air out of doors is because there is 
an agency continuously at work getting rid of this gas. This 
agency is the green parts of plants which occur everywhere. 

When fresh watercress is put into a bottle completely full of 
water containing carbon dioxide in solution, and the bottle is 
inverted in a basin of water without- allowing air to get into the 
bottle, it is found that, when the bottle and its contents are 
exposed to bright sunlight, bubbles of gas collect at the top of 
the bottle. These bubbles, when tested, are found to be pure 
oxygen. If, however, the bottle with the cress in it is kept in 
the dark no bubbles of oxygen collect. Or, if a bottle of water 
in which carbon dioxide is dissolved be put in sunlight, without 
any watercress, no oxygen collects in the top of the bottle. 

In other words, two things are necessary for the formation 
of the bubbles of oxygen collected from the green plant as 
described. They are (1) the vegetation, ( 2 ) the sunlight. The 
same conditions have been found to hold true always, thus 
proving that green plants in the presence of bright sunlight have 
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the power of turning: oxygen out of carbon dioxide. TVv keej) 
the carbon for themselves, and it helps them to glow. If the 
experiment were carefully performed it would be found that the 
watercress had increased in weight after being exposed in these 
circumstances to bright sunlight for sometime. 


101. PRODUCTION OF CARBON DIOXIDE FROM 
CHALK BY THE ACTION OF AN ACID. 

i. Preparation of carbon dioxide. — Into a flask or bottle, fitted 
like that in Fig. 240. place some chalk, or small pfcioes of marble. 
Place the delivery tube in a glass cylinder or a jar with a wide 
mouth. A disc of cardboard, through which the delivery tube 
passes, should rest on the top of the jar. Four dilute hydrochloric* 



Fio. 240. — Apparatus for the pre- 
paration and collection of carbon 
dioxide. 



Fio. 241.— Carbon dioxide gas is 
heavier than air, and can therefore 
be poured from B into A, like a 
liquid. 


acid down the funnel. During the effervescence a. gas is given off 
and collects in the jar. When a burning taper is extinguished 
immediately it enters the jar, take out the delivery tube and put 
it into another jar. Cover the first jar of gas with a disc of card. 
In the same way collect several jars of the gas. 

ii. Properties of carbon dioxide. — (a) Notice that the gas is (1) 
invisible and without taste or smell; (2) extinguishes a lighted 
taper; (3) must be heavier than air or it could not he collected in 
the way d escribed. • 

(?>) Pour the gas from one jar (/J) into another (A), as shown in 
the diagram (Fig. 241). and test both jars by a lighted taper. It 
will be seen that the lower jar contains the carbon dioxide. 
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ill Acid solution formed by carbon dioxide. — Pour a little water 
made blue with litmus into a jar of the gas and shake it up. Some 
of the gas dissolves, and the colour of the solution turns red. Boil 
the solution ; the carbon dioxide is driven off, and the blue colour 
is regained. 

iv. Action of carbon dioxide on lime-water. —Pass the gas from the 
delivery tube through some lime-water. Observe that a milkiness 
is produced, owing to the production of a white powder or jjrecijn- 
Uitc, which disappears after a short time. 

Boil the solution thus obtained, and notice that the milkiness 
again appears. 

Filter the milky solution, and so obtain the white powder on a 
filter paper. Add a few drops of dilute hydrochloric acid to the 
powder. Notify the effervescence. Test the gas which is given off; 
it puts out a llame. 

Preparation of quantities of carbon dioxide.— Though 
carbon dioxide is produced naturally bv burning and breathing, 
and it also escapes from the earth in some regions, there are more 
convenient ways of obtaining the gas. Experiments show that 
when an acid is added to chalk, marble, or limestone, a gas is 
given oil’ which puts out flames, turns clear lime-water milky, 
and possesses all the properties of carbon dioxide — it is, in fact, 
carbon dioxide. The best way to prepare bottles or jars of the 
gas is to place pieces of chalk or marble about the size of peas 
into a bottle fitted like that in Fig. 240. Dilute hydrochloric 
acid is poured down the thistle funnel, and when it comes into 
contact with the marble, the gas is given off. Enough acid is 
poured in to cover the lower end of the funnel, so the gas cannot 
escape up the funnel ; the carbon dioxide passes through the 
other tube in tin*, cork. The gas given off is heavier than air, 
and can therefore, be collected as shown in Fig. 240. As the gas 
accumulates in the jar, the air is pushed out at the top. After 
several bottles or jars have been filled, the properties of the gas 
can easily be examined. 

Properties of carbon dioxide.— An examination of the gas 
shows that it is colourless and lias no smell. As it is heavier 
than air it can be poured downwards just like a liquid (Fig. 241). 

Carbon dioxide is slightly soluble in water, and the solution 
which is thus formed turns a blue litmus paper red, just as 
acids do. For this reason the solution of carbon dioxide in 
water is often called carbonic acid, and the carbon dioxide itself 
is sometimes spoken of as carbonic acid gas. The gas lias the 
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property of extinguishing the thmu* of a taper or match, am! i 
consctpicntly called a non-supporter of combustion. 

Action of carbon dioxide on lime-water, i f carbon dioxide 

is ) Kissed into lime-water a milkiness is seen, lmt if the passim:,- 
of tho gas is continued the milkiness by and by disappears. Ij 
the dear solution which results after the disappearance of the 
white powder or precipitate is boiled, the milkiness again makes 
its appearance. The reason of this is that the white substance of 
which the precipitate is formed dissolves in water which has 
become saturated with carbon dioxide. When the dear solu- 
tion, which appears after the solution of the powder, is boiled, 
the carbon dioxide is driven out of it, and the liquid again 
becomes pure water. The precipitate reappears, because it will 
not dissolve in water. 

The chemical change when carbon dioxide is passed into 
lime-water. — What are the facts taught by the experiments 
described ? When an acid is added to the white powder formed 
when carbon dioxide is passed into lime-water, a brisk effer- 
vescence is noticed and the colourless, odourless gas given off is 
found to put out a flame. But this is just what happens when 
the acid is dropped upon chalk, and putting the facts together 
they suggest that the white powder is really chalk, so that 
carbon dioxide gas combines with the lime in the lime-water 
to form chalk. We can write : 

Carbon Dioxide u "!{£ 8 Lime f( ^ m Chalk. 

From this statement it will also be seen that chalk consists of 
lime and carbon dioxide. Further evidence of the truth of this 
will be learnt later. 

Uses of carbon dioxide. — The fact that carbon dioxide is a 
non-supporter of combustion is made use of in many forms of 
chemical fire extinguishers, which generally contain solutions of 
the gas under pressure or a means of producing large quantities 
of it by the action of acid upon a carbonate solution. As 
burning cannot take place in this gas, the flames are therefore 
extinguished when the gas reaches them. 

The solubility of carbon dioxide in water is increased by 
pressure, and the sparkling nature of the various aerated waters, 
like soda-water, is due to the carbon dioxide with which they 
have been charged at high pressures, which escapes when the 
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pressure is reduced to that of the atmosphere by opening the 
bottle. As the pressure is very great, the bottles used as fire 
extinguishers have to be very thick. 

Carbon dioxide is also produced during fermentation, the 
“rising” of bread being due to the escape of the gas which is 
generated by the fermentation, under the influence of the yeast, 
of the saccharine matters formed from the starch. 

Carbon dioxide will not support life, and is sometimes used 
for suffocating stray (logs and cats. 

By cold and pressure carbon dioxide may be liquefied and 
also solidified, forming a soft white substance, which when 
mixed w T ith ether forms a powerful freezing mixture, the tem- 
perature sinking to about - 100° C. 

Occurrence of carbon dioxide.— Carbon dioxide has been 
already stated to exist in the atmosphere, and to be produced 
by the oxidation of animal and vegetable tissues ; also that 
under the influence of sunlight it is reconverted by the green 
parts of plants into its constituents, of which the carbon is used 
by the plant in the formation of new tissue. The gas is found in 
many natural gaseous emanations, and is frequently present to 
a large extent in the gases of caves and underground passages, 
where, ow T ing to its high density, it tends to accumulate if 
formed by fermentation or other natural processes. In expired 
air, carbon dioxide is present to the extent of about 4‘7 per cent. 
Although such air is not again respirable, this is probably due to 
the diminution of the oxygen, for it is doubtful whether carbon 
dioxide has any direct poisonous effect. The proportion of 
carbon dioxide may be increased even to 20 per cent, without 
immediate serious effects if only the quantity of oxygen be 
increased simultaneously. 


102. PRODUCTION OF CARBON DIOXIDE BY 
HEATING CHALK. 

i. Change produced by heating chalk. —Place a little powdered 
chalk (not blackboard chalk) on a piece of platinum foil, and heat it 
strongly for some minutes in the flame of a laboratory burner. If 
platinum foil is not at band, beat a lump of chalk on a piece of 
coarse wire gauze for some time. Or, powdered whiting may be 
heated on a piece of thin tinplate. The latter is, however, a long 
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process. After heating, shake the powder on to a damp red litmus 
paper. Observe that the red litmus paper is in places chunked to 
blue colour. 

ii. Action of lime upon litmus.- Test some wet lime with litmus 
paper. Observe that it changes the colour of red litmus to hliie. 

iii. Powder obtained by heating chalk. Shake up in ordinary 
tap-water some of the powder obtained in Expt. htj; i. by heating 
chalk on platinum foil. Filter, or allow the powder to settle! 
then taste and notice the peculiar taste of lime-water. 

iv. Solution of lime in acids. Dissolve some lime in hydrochloric 

acid, and evaporate the solution to dryness. Note the formation of 
a white solid, which rapidly absorbs moisture from the air and 
liquefies. It has hcen previously used in experiments under the 
name of calcium chloral*. t 

v. Composition of chalk. --Place a few small pieces of chalk in a 
test-tube. Add dilute hydrochloric acid until the effervescence, due 
to the production of carbon dioxide, ceases (see Expt. Ini i.>. 
Filter the solution remaining in the test-tube and evaporate it. 
Notice the substance left ; it is not chalk, hut calcium chloride. 

vi. Slaking of lime. -To a lump of trash linn* add a little cold 
water. Observe that the lump grts very hot and swells up. 


Chalk undergoes a change when heated — It is easy to 
prove by putting some powdered chalk upon a piece of moist 
red litmus paper that this substance is unable to change the 
colour of the paper. If, however, sonic powdered chalk be 
strongly heated on a piece of platinum foil in a laboratory 
burner and then placed on a piece of moist red litmus paper, 
the red colour is changed to blue. The chalk undergoes some 
change when heated, or it would not acquire this new property. 
The same chemical change as occurs when a little powdered 
limestone, or some chalk, is heated on platinum foil takes place 
on a large scale in the limekiln. In other words, when chalk 
and limestone are strongly heated they arc changed into quick- 
lime. The change is brought about by driving carbon dioxide 
out of them. 


Chalk 


when heated 

splits up Lime and 
into 


Carbon 

Dioxide. 


Changes produced by adding acid to chalk.— When hydro- 
chloric acid is added to a little chalk a brisk effervescence 


occurs and a colourless, odourless gas vvliicli turns lime-water 
milky is given off. 

If hydrochloric acid is poured upon a known weight of chalk, in 
such a way that all the gas evolved is got rid of, it is found that 
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the proportional loss of weight of the chalk is equal to the loss of 
weight on heating, thus showing that chalk contains a definite 
proportion of carbon dioxide gas. 

If the solution remaining, after the effervescence of the chalk 
with # the acid has ceased, is filtered and evaporated, a new sub- 
stance known as calcium chloride is obtained. So that, from 
chalk and hydrochloric acid, it is possible to produce carbon 
dioxide, calcium chloride, and water (which is driven off by 
evaporation). 

Substances which, like chalk, evolve carbon dioxide when 
acted upon by an acid are known as carbonates, and numerous 
carbonates exist, all possessing similar characteristics. Many of 
these on heating also give oil carbon dioxide, the residue being 
known to be an oxide of a metal, so that they consist of carbon 
dioxide and a metallic oxide. 

This leads to the idea that lime is also the oxide of a metal, 
and this view is now known to be correct, the metal being 
named calcium. Lime, therefore, is calcium oxide and chalk 
calcium carbonate. 

Lime. — Lime produced by heating chalk or limestone — both 
of which are carbonates — is a white solid, which, if heated 
sufficiently, glows and emits a brilliant white light. Tt is on 
this account employed for the production of the limelight, 
where a small, hard cylinder of lime is strongly heated in an 
oxy-hydrogen or oxy-coal-gas ilame. 

When water is added to freshly burnt lime, or quicklime, as 
it is termed, the water combines with it with the evolution of a 
large amount of heat, which is enough to boil the water if the 
quantity of lime is large. This can be seen at any time when 
bricklayers are preparing lime for making mortar. Tin’s 
addition of water to lime is called slaking it. and the altered 
lime is known as slaked lime. Lime dissolves to a slight extent 
in water, forming lime-water. 


103. CARBON MONOXIDE. 

i. Preparation of carbon monoxide. In a hard glass tube A />, place 
some iron iilings. Pass over these filings;! current of carbon dioxide, 
dried in the usual manner. Heat the filings, and let the end II of 
the tube dip under a strong solution of caustic potash, which 
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Lower oxide of carbon. — If a coke or charcoal fire be 
observed, flames of a peculiar blue colour are usually seen play- 
ing over the top. As, however, the only substances concerned 
in the combustion are carbon and oxygen, and since carbon 
itself does not burn with a blue flame, while carbon dioxide is 
quite incombustible, it appears probable that there must 
be some other compound of carbon and oxygen produced 
which burns with this blue flame. Further, it seems probable 
that the oxide is a lower oxide, i.e., contains less oxygen, 
as if a compound with more oxygen existed we should 
expect the carbon dioxide to burn and form this oxide. Carbon 
monoxide, as this gas is called, can be prepared by depriving the 
dioxide of part of its oxygen. When passed over heated iron 
filings carbon dioxide is partly reduced to this lower oxide, 
while the iron oxidises or rusts. The mixture of dioxide and 
monoxide resulting from the action of the iron on the carbon 
dioxide is collected over a solution of caustic potash (Fig. 24 ii). 
The caustic potash absorbs the whole of the unchanged dioxide, 
while the carbon monoxide gradually fills the collecting vessel. 


Camion 

Dioxide 


and 


Iron give 


Camion , 1 Iron 
Monoxide ana Oxide. 
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i in a coke fire. — The formation of carbon monoxide 
in coke tires may now be readily explained. By the burning of 
the carbon in the lower parts of tlie fire, where the air enters 
and sufficient oxygen is present, carbon dioxide results, but 


Carbon monoxide uniting with oxygen to 
form eariioi) dioxide. 

Carbon dioxide and red-hot carbon form 
carbon monoxide. 

Carbon unites with oxygen of the air to 
form carbon dioxide. 


Fin. 243.— Chemical changes in 
the burning of carbon in an ordin- 
ary coal fire. 

when this passes over the heated charcoal in the upper parts 
where insufficient oxygen is present, it parts with some of its 
oxygen, forming carbon monoxide. Thus, 

Carbon combines to Carbon 

Dioxide with ' * form Monoxide. 

When it again meets sufficient oxygen at the top of the fire, 
this monoxide burns forming the dioxide. Carbon monoxide 
may in fact be prepared by passing the dioxide over heated 
charcoal instead of heated iron, but the temperature required is 
higher than that necessary in the experiment described on p. 362. 

The gas so obtained is colourless and very poisonous. It 
acts as a direct poison, forming a compound with the haemo- 
globin of the blood. For this reason the ventilation of rooms 
heated by coke stoves, and the complete removal of the products 
of combustion, should be always well secured. 



CHIEF POINTS OF CHAPTER XXVI. 

Carjjon is present in all living matter. When organic substances 
arc moderately heated, a black residue largely composed of carbon 
is left. If the temperature is raised, the carbon burns away and an 
almost colourless ash is left. 
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Carbon exists in several allotropic forms (p. 379). Two of these, 
diamond and graphite , are crystalline. Non -crystalline or amorphous 
carbon is known in varying degrees of purity as coke, gas carbon , 
wood charcoal and animal charcoal. 

Burning. —When candles, gas, wood, or any substance which con- 
tains carbon burns in the air or oxygen, carbon dioxide is formed. 
Similarly, carbon dioxide results from the combustion of any form of 
carbon in air or oxygen. Carbon dioxide is also given oil’ in the 
breath of animals. From these sources large quantities are con- 
tinually passing into the atmosphere. 

Breathing is really a kind of burning ; the oxygen taken into the 
body by the lungs unites with the carbon of the body to form carbon 
dioxide, and with its hydrogen to form water; these products are 
expelled from the body partly in breathing. 

The presence of carbon dioxide in the air may Ik* sliflwn by expos- 
ing lime-water in a shallow vessel. The lime-water soon becomes 
coated with a thin layer of chalk. 

The green parts of plants have the power in bright sunlight of 
breaking up carbon dioxide ; the carbon they keep to build up their 
solid parts, and oxygen is given oil' into the air. 

Animals give off carbon dioxide (which passes into the air) and 
take oxygen from the air. Plants give out oxygen and take carl ion 
dioxide from the air; in this way both are supplied from the air 
with the substances they need. 

Preparation of carbon dioxide. When chalk or limestone is 
heated it loses about 44 per cent, of its weight. This is due to the 
loss of carbon dioxide. The residue left behind is linn,. The same 
gas is evolved when either chalk or limestone is acted upon by 
hydrochlori c acid. 

Carbon dioxide is a heavy gas which does not burn or support 
combustion. It; is slightly soluble in water, the solution ac ting as a 
weak acid which turns blue litmus to a port-wine colour. This 
solution maybe regarded as carbonic acid. The solubility of carbon 
dioxide in water is increased by pressure. T>y cold and pressure 
carbon dioxide may be liquefied, and also solidified to a soft white 
substance which, when mixed with ether, forms a powerful freezing 
mixture. 

Lime is a white solid which is unchanged by beating. When 
heated intensely it glows and emits a brilliant white light. It 
dissolves in hydrochloric acid to form calcium chloride. When wet, 
lime* turns a red litmus paper blue. When freshly made it is (jailed 
quicklime. Quicklime combines with water, being changed into 
slaked lime. 


EXERCISES ON CHAPTER XXVI. 

1. Describe and explain the changes which take place when (a) 
limestone is burnt in a kiln ; ( b ) water is added to some freshly 
burnt lime. (I\T. 1897.) 
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2. Charcoal burnt in air or oxygon in a bottle containing lime- 

water produces a white precipitate in the lime-water. This white 
precipitate, if collected and mixed with hydrochloric acid, dissolves 
with effervescence. What ex peri in cuts would you make in order to 
compare the gas thus obtained with that obtainable by a similar 
process from the breath ? ( 1 897. ) 

3. Describe the apparatus you would use for the production and 
collection of carbon dioxide gas ; name the materials required, and 
describe the properties of the gas. (1898.) 

4. Four bottles are given you containing oxygen, hydrogen, 
nitrogen, and carbon dioxide respectively. Ry what experiments 
would you distinguish these*, gases from one another? (1899, Day.) 

5. Describe the appearance of the three different- forms of carl ion. 

Ry what experiments would you prove that, tiny arc really only 

different forms of the same element? (1899, Day.) 

(>. What do you know about tin* chemical action that goes on in 
a “ gasogene *’ — if. the common soda-water machine? Why docs 
the “soda-water” rush out when the handle is pressed down? 
(P.T. 1902.) 

7. Describe an experiment showing that water and carbon dioxide 
are formed in the combustion of a candle, llow can ordinary coal- 
gas be made to burn with a lion-luminous flame? (L.M., Jan. 1899.) 



CHAPTER XXVII. 

COMMON SALT. HYDROCHLORIC ACID. CHLORINE. 

104. COMMON SALT. 

i. Common salt is soluble in water. — Shako a little common Halt 
with water in a test-tube for some time. Allow the undissolved 
salt to settle, and taste a little of the clear liquid. The taste of the 
solution is proof enough that common salt is soluble in irater. 

ii. Common salt crystallises in cubes.- Evaporate the clear solution 
and heat some of the dry residue in a test-tube. 

iii. The solution of salt in water is neutral. — Test another portion 
of the clear solution of common salt with blue and red litmus papers 
in succession. The colour of neither paper is altered : hence, the 
solution of common salt in water is neutral. 

iv. Salt crystals contain no water. —11 eat a little thy salt, in a 
test-tube. Notice the crackling and the absence of water on the 
side of the tube. 

v. Action of strong Bulphuric acid on salt. — "Place a little dry salt 
in a test-tube and pour upon it some strong sulphuric acid. Gently 
warm the test-tube. Observe that a gas is given off, the part of 
which in the tube is colourless, though on coming into contact with 
the air at the mouth of the tube the gas fumes strongly. Plunge a 
lighted match into the tul»e, and notice that the ilame is ex- 
tinguished. Place a piece of moist blue litmus paper at the mouth 
of the tube, and observe that it is turned red, but the paper is not 
bleached. 

Properties of common salt. — Common salt crystallises in 
six-sided solids, or cubes. When the crystallisation is brought 
about bv evaporating a solution of salt, the crystals are 
very small. Some natural crystals, known as rock salt, are, 
however, of a considerable size. There is no water of crystal- 
lisation in the crystals, and consequently when they are heated 
no steam is given off. The crackling noticed when salt crystals 
are heated in a tube is spoken of as decrepitation, and is due to 
the breaking up of the crystals into smaller pieces. 
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Common salt dissolves in water, and the amount dissolved by 
cold water is almost as great as by warm water. The solution 
has no action on litmus papers, and is said to be neutral 

.Rock salt is found in the earth in some countries as layers of 
varying thickness. The largest amount is found in the salt 
mines* of Austria, but considerable quantities are found in this 
country, in Cheshire. Common salt is also present in large 
quantities in sea water, but is mixed with other substances. 

Salt is used largely to prevent the decomposition of meat, and 
enormous quantities are employed in the manufacture of sodium 
carbonate. 

105. HYDROCHLORIC ACID. 

i. Preparation of hydrochloric acid gas. - Fit. up the apparatus 
shown in Fig. 244. Remove the india-rubber stopper of the flask 



Fia. 244. — Preparation and collection of hydrochloric acid gas. 

and place in it a small quantity of rock salt in small pieces, or some 
thoroughly dried common salt. Four some strong sulphuric acid 
into the wash-bottle shown in the middle of the illustration. Re- 
insert the india-rubber stopper into the flask and pour down the acid 
funnel ^enough of a mixture 1 of strong sulphuric acid and water to 

1 One part of acid and one of water are convenient proportions. He careful 
gradually to pour the acid into the water and not the water into the .acid when 
mixing them, keeping the mixture well stirred throughout the process. 
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cover the salt in the flask. Gently warm the flask. Collect jars of 
the gas which is evolved (after it lias bubbled through the strong 
sulphuric acid in the wash-bottle and so become freed from water 
vapour) in gas jars by downward displacement in the way the 
illustration makes clear. When each gas cylinder is full, which you 
can tell by holding a blue litmus paper just below the top of the 
outside of the cylinder until it is turned red, cover it with a ground - 
glass plate, with the ground side underneath. As the cylinders are 
filled set. them on one side for examination as presently described. 
Collect four jars of gas in this way. 

ii. Properties of hydrochloric acid gas.— (a) Raise the glass plate 
from the first jar and plunge a lighted taper into the gas. The 
flame is extinguished and the gas does not burn. Quickly replace 
the glass plate. 

(l>) Into the same jar drop a piece of moistened blue litmus paper 
and replace the glass plate. The paper is turned red, showing the 
gas has acid properties. Notice carefully that the paper is not 
bleached. 

(c) Observe the fumes which the gas forms with the air when the 
glass plate is removed from a cylinder- full of the gas. This is due 
to the? very strong power of absorbing moisture possessed by hydro- 
chloric acid gas. 

{(I) Firmly pressing the glass plate, invert a cylinder full of the 
gas and place it upside down in a basin of water. Remove the 
plate when the mouth of the jar is under water, and notice that 
water rushes up and completely fills the jar. If the water does 
not completely till the jar, it shows that the air in tin*, jar was not 
altogether displaced by the gas when you should have filled it. 

iii. Solution of hydrochloric acid gas in water. — Modify the 
apparatus shown in Fig. 244. Remove the gas cylinder and the 
delivery tube which dips into it. Pour out the sulphuric acid from 
the wash -bottle, which thoroughly wash and half fill with water. 
If there is still enough salt and sulphuric acid in the flask, again 
warm it gently and allow the evolved gas to bubble into the water. 
Notice that it is completely dissolved. The solution of hydro- 
chloric acid g:is formed in this way is the “ hydrochloric acid v of 
commerce. 

iv. Some metals turn hydrogen out of hydrochloric acid. — Test 
the action of hydrochloric acid on zinc* and iron. 

v. Other proofs that hydrochloric acid contains hydrogen. — (a) 
Prepare hydrochloric acid g;as in the manner described ill Expt. 
105 i. in tiie flask A (Fig. 245). Pass the gas so obtained over 
heated copper oxide in the hard glass tube HO. Observe that 
water collects in the test-tube, / ), and that the copper oxide is 
converted into a green substance. As water is formed the hydro- 
chloric acid must evidently contain hydrogen. 

(h) Collect a tube full of hydrochloric acid gas over mercury, and 
quickly introduce into it a piece of clean sodium. Allow it to* stand, 
and observe that the volume of the gas becomes ultimately reduced 
to one-half the original volume (correction being made for the 
differences in temperature and pressure), while, further, the sodium 



HYDROCHLORIC ACID 


309 


gets covered with a white powder which yon may satisfy yourself 
is salt. Test the gas left with a lighted taper and see that it has 
the properties of hydrogen. 



vi. Composition of common salt.— -Pass hydrochloric acid gas into 
a solution of caustic soda (known to chemists as sodium hydrate) 
until the solution has no effect cither on a blue or red litmus paper. 
Distil the resulting solution and examine both the liquid which 
distils over and the residue left in the retort. Observe that the 
liquid is ordinary water and the residue common salt, which you 
can prove by tasting it. 

Hydrochloric acid. — When common salt is heated with 
strong sulphuric acid a gas is given oif which forms steamy 
fumes in the air. The gas readily dissolves in water, and the 
solution constitutes the hydrochloric acid of commerce. The 
solution was, because of its preparation from salt, originally 
known as “ Spirits of Salt.” Another common name given to 
it is Muriatic Acid. The “salt gas” itself is called hydrochloric 
acid gas. Tt is colourless, will not allow things to burn in it, 
nor will it burn itself. As is seen by its action on blue litmus 
paper, it is strongly acid. It is heavier than air, and can 
consequently be collected by downward displacement. 

Composition of hydrochloric acid.— It lias already been 
learnt that when the metal copper is heated strongly in air it 
combines with the oxygen of the air to form a black compound 
l. s. l * 2 * 
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called copper oxide, which compound is evidently entirely com- 
posed of copper and oxygen. 

Now, if hydrochloric acid gas is passed over heated copper 
oxide which can be conveniently arranged in a tube, the black 
oxide is changed into a green substance, and water is formed at 
the same time. Moreover, if the green substance be acted upon 
with strong sulphuric acid, hydrochloric acid gas is again 
formed, just as when salt is similarly treated. 

As water is formed, the hydrochloric acid gas passed over the 
heated copper oxide must evidently contain the hydrogen which 
is necessary for the formation of the water, for (p. 311) the 
copper oxide contains none. In fact, the simplest explanation 
of the experiment is that the hydrogen of the hydrochloric acid 
gas combines with the oxygen of the copper oxide to form 
water, while the copper combines with the other constituent of 
the hydrochloric acid (which you will presently learn to call 
chlorine) to form a green substance known as chloride of copper. 

When metallic sodium acts upon hydrochloric acid gas con- 
tained in a tube over mercury, it is found after a short time 
that the volume of the gas is reduced to one-half and that the 
gas left in the tube is pure hydrogen. At the same time the 
sodium combines with the other constituent of the hydrochloric 
acid gas to form a white solid, which proves on examination to 
be common salt. These important experiments teach two facts : 

1. That hydrochloric acid is composed of two constituents, hy- 
drogen and another substance, which will be proved immediately 
to be chlorine, combined together in equal proportions by volume. 

2. Common salt is a compound of the metal sodium and the 
second constituent of hydrochloric acid, chlorine. 

Chemical behaviour of hydrochloric acid. — Many metals, 
such as zinc and iron, when dropped into a solution of hydro- 
chloric acid gas in water (which will in future be spoken of as 
hydrochloric acid) break up the acid, evolving hydrogen gas and 
combining with its chlorine to form a chloride, or, 
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When hydrochloric acid is brought into contact with sodium 
hydrate, also called caustic soda, a double chemical change, or 
double decomposition, takes place, common salt or sodium chloride 
and water being formed (Expt. 105 vi.). 
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106. CHLORINE. 

i. Preparation of chlorine. — (a) Pour a little strong sulphuric acid 
upon some black oxide of manganese contained in a test-tube. 
Shake the tube until a paste is formed. Cently warm the tube, and 
after a minute or two examine the gas which fills it. It has no 
colour. Place a moistened blue litmus paper in the gas, and 
notice that, though the acid fumes redden the paper, it is not 
bleached. 

(b) Repeat the experiment, but first mix the black oxide of 
manganese witli an equal quantity of dry table salt. -Again 
examine the gas evolved after heating the tube. It has a greenish- 
yellow colour. A moistened litmus paper has its colour com- 
pletely removed , or it is bleached. The greenish yellow gas is 
chlorine. 

ii. Preparation of larger quantities of chlorine. Kit up the 

apparatus shown in Fig. 244, and used in Expt. 105 i., for the 
preparation of hydrochloric acid gas. Remove tin* india-rubber 
stopper from the flask, put in some black oxide of manganese, and 
then enough strong hydrochloric acid t<> eo\er it. Shake the 
powder and acid together until no dry patches can be seen on 
looking through the bottom of the tlask. Replace the india-rubber 
Stopper, and be sure that the acid funnel dips beneath t he surface of 
the liquid. Rlaee in the wash-bottle an amount of water (not 
sulphuric acid as iri preparing hydrochloric acid gas) like that shown 
in the figure. (Sently warm the flask. Chlorine is at once given 
oil*. Collect several jars by downward displacement. You can 
easily see when the jars are full, as the gas is coloured. Cover the 
jars with dry ground-glass plates. Caution. — It is my distress hit) 
to breathe chlorine; this experiment should therefore be done either in 
the open air or in afnme-cupboard with a ijood draught. 

iii. Bleaching power of chlorine. — In the first jar place a piece 
of damp Turkey-red doth, a moist litmus paper, some coloured 
flowers, some writing done in ordinary ink, and a moist piece of 
newspaper. All the articles except the piece of newspaper are 
bleached. Chlorine bleaches vegetable colours. Printers' ink is not 
a vegetable colour. 

iv. Chlorine combines spontaneously with some metals. Powder 
a small piece of antimony and gently warm the powder, on a piece 
of notepaper, over the flame of a laboratory burner. Lift the glass 
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plate off a second jar of chlorine and sprinkle the warm antimony 
powder into the chlorine. The metal inti allies on coming into 
contact with the gas, forming a chloride of antimony. 

Or, drop a sheet of Dutch metal into a jar of chlorine. It will 
combine immediately with the gas with the accompaniment of flame. 

v. Chlorine has a great affinity for hydrogen.— (a) Attach a wire 
to a candle. Light the candle and lower it into a jar of chlorine. 
Notice the candle continues to hum, but with a very smoky flame, 
depositing soot, on the sides of the jar. The candle is composed 
of carbon and hydrogen. The chlorine combines with the hydrogen 
and leaves the carbon. Test the fumes left in the jar with a blue 
litmus paper and convince yourself they are acid. 

(h) I>oil a little turpentine in a test-tube and pour a drop or two 
of the hot liquid upon a piece of dry filter pay/^r. When the 
turpentine has spread over the paper, fold it in a convenient 
manner, and drop it. into a jar of chlorine. The turpentine at once 
inflames. A large quantify of carbon is thrown down, and a great 
deal of the steamy fumes of hydrochloric acid gas is formed. Tur- 
pentine, like a candle, is made of carbon and hydrogen. 

vi. Chlorine is soluble in water. -{«) invert a jar of chlorine in 
a basin of water, and notice that the water slowly dissolves the gas. 
The water rises up the jar, but not nearly so quickly as in the case 
of hydrochloric acid gas. 

(h) Pass chlorine gas from the apparatus used in Expt. 10b ii. 
into a glass of water. Notice that the gas dissolves, the water 
eventually having the colour, smell, and bleaching power of chlorine 
gas. A solution of chlorine in water is called rJiJoriiu ton ft r. 

(r) Leave some chlorine water for a day or two in bright sunshine. 
At the end of that time the chlorine water has lost its colour, smell, 
and bleaching power. The chlorine has combined with hydrogen to 
form hydrochloric acid, and oxygen has been given off. Test the 
liquid with a blue litmus paper, and see that it is acid. 

Preparation of chlorine. It lias been shown that hydro- 
chloric acid is a compound of hydrogen and a second substance ; 
and that common salt, or sodium chloride, is a compound of the 
metal sodium with the same second substance. This second 
constituent, which is called chlorine, can be obtained separately 
either from common salt or from hydrochloric acid. It is more 
usual to prepare it from hydrochloric acid, and the plan adopted 
is to heat gently the solution of hydrochloric acid gas in water 
with black oxide of manganese, when chlorine is given off in 
large quantities in the form of a greenish-yellow gas. 

The method used to get chlorine from common salt is first to 
mix it with black oxide of manganese and then to heat the 
mixture with strong sulphuric acid, when chlorine is evolved as 
in the previous case. This process is really the same as the 
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previous one, except that instead of first preparing hydrochloric 
acid from common salt and strong sulphuric acid (Expt. 105 i.) 
and then acting upon it with black oxide of manganese (Expt. 
100 ii.),the two experiments are combined. The three materials 
are heated together, and the hydrochloric acid as it is formed is 
decomposed by the manganese dioxide which is present. 

In manufacturing processes the compounds formed other than 
those sought for are called bye-products. The bye-products in 
the manufacture of chlorine are manganese chloride in the first 
method described above and manganese sulphate in the second. 

Chlorine is heavier than the air and is usually collected by 
downward displacement, though it is sometimes collected over a 
strong solution of salt or over warm water. 

Properties of chlorine. ---Chlorine is a gas with a greenish- 
yellow colour, from which fact 1 it gets its name. It lias a 
disagreeable smell, and the gas, if breathed, causes distressing 
symptoms, which have been described as like those of an 
exaggerated cold in the head. Tlie gas is soluble in water and 
being heavier than air is collected usually by downward dis- 
placement. Its chief characteristic is its power of bleaching 
moist vegetable colours. Strictly speaking chlorine does not 
bleach. What happens is that the chlorine combines with the 
hydrogen of the moisture (which must be present for successful 
bleaching) to form hydrochloric acid and liberates the oxygen. 
This oxygen unites with the colouring matter to form a new 
chemical compound v'hich has no colour , or, as chemists say, the 
oxygen oxidises the colouring matter. It- is because of this 
power of liberating oxygen from water that chlorine is so useful 
as a disinfectant. The liberated oxygen combines with the 
noxious material, and, by oxidising it, renders it harmless. 

The ease with which chlorine combines with hydrogen is seen 
not only bv its action upon moisture, but in other ways. A 
lighted candle will continue to burn when plunged into chlorine, 
though with a very smoky flame. A candle is composed of 
hydrogen and carbon, and the flame continues, though with 
diminished brightness, because of the heat generated by the 
combination of the chlorine gas with the hydrogen of the 
candle’to form hydrochloric acid gas. The carbon set free in 
the process is deposited as soot. The same explanation holds 
1 ^Awpb? (i‘li loros), preen. 
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true for the spontaneous combustion of warm turpentine in 

chlorine gas. 

Chlorine readily combines with metals to form chlorides. If 
finely divided iron, copper, antimony, and other metals be 
sprinkled into dry chlorine gas they at once combine with it, 
the heat of combination being sufficient to cause tfiem to 
inflame. This happens more readily if the metals are first 
wanned. 

Synthesis of hydrochloric acid. — When equal volumes of 
hydrogen and chlorine are mixed and exposed to sunlight, or 
the electric light, they combine together, with great violence to 
form two volumes of hydrochloric acid gas. There is, therefore, 
no diminution in volume. The case is simpler than that of the 
combination of hydrogen and oxygen to form steam. Two 
volumes of hydrogen combine with one volume of oxygen to 
form two volumes of steam, or the three volumes of the mixed 
gases are reduced to two after the. combination has taken place. 
While 


Hydrogen combines Chlorine to 
1 vol. with 1 vol. form 


Hydrochloric 
Acid Gas 
2 vols. 


Hydrogen combine Oxygen to Steam 
2 vols. with 1 vol. form 2 vols. 


107. CHLORINE COMPOUNDS. 

i. Action of chlorine on caustic potash. — (a) Pass chlorine for 
some time through a hoilhuj solution of caustic potash. Allow the 
solut ion to crystallise, and examine the crystals which first separate 
out. They will he found to consist of jto/asxium chlorate , which 
evolves oxygen when heated, cither alone or with a little manganese 
dioxide. 

(h) Pass chlorine through a cold solution of caustic potash, and 
observe that you no longer obtain potassium chlorate. 

Some compounds of chlorine. — When chlorine is passed into 
a hot solution of caustic potash a substance known as potassium 
chlorate is formed, while potassium chloride is also produced. 
The chlorates may be regarded as derived from an acid, which 
we may call chloric acid, just as the chlorides are der ived from 
hydrochloric acid. Chloric acid differs from the latter acid in 
containing oxygen as well as hydrogen and chlorine. 
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Of the chlorates, potassium chlorate is by far the most 
important, being largely employed in the manufacture of 
matches and in pyrotechny. On heating the chlorate either 
alone or mixed with manganese dioxide, oxygen is obtained. It 
is to the possession of a laige proportion of oxygen that 
potassium chlorate owes its many uses. 

On passing a stream of chlorine into cold caustic potash, 
another chlorine compound is formed mixed as before with 
potassium chloride. This compound contains a smaller per- 
centage of oxygen than potassium chlorate and is termed 
potassium hypochlorite. When acted on by an acid this com- 
pound liberates chlorine. The chlorine thus set free again has 
a vigorous bleaching action. If chlorine is passed over slaked 
lime instead of into caustic soda, a compound is formed which 
may be regarded as a mixture of the chloride and hypochlorite 
of calcium. This also evolves chlorine when acted upon by an 
acid, and is hence very largely employed for bleaching, under 
the name of bleaching powder, which is manufactured on a 
large scale by the method indicated above. 


CHIEF POINTS OF CHAPTER XXVII. 

Common salt occurs in nature as the mineral rock xu.lt. It is 
sohihlo in water, the solution formed being neutral. Its crystals 
contain no water of crystallisation. The crystals decrepitate when 
heated. When treated with warm strong sulphuric acid a gas 
known as hydrochloric acid gas is evolved. 

Hydrochloric acid, originally known as “spirits of salt” and 
muriatic acid, is prepared l»y the action of strong sulphuric acid on 
common salt ; the gits evolved is dissolved in water to form the 
hydrochloric acid of commerce. 

Hydrochloric acid gas is composed of equal volumes of hydrogen 
and chlorine. The hydrogen can lie turned out of a solution of 
hydrochloric acid by the action of metals like zinc and iron. Hydro- 
chloric acid is neutralised by sodium hydrate to form common salt. 

Chlorine is easily prepaml by the action of strong sulphuric acid 
upon a mixture of common salt and manganese dioxide, or by the 
action between hydrochloric acid and manganese dioxide. Owing to 
the distress caused by breathing chlorine, its preparation should bo 
done in the open air or in a draught cupboard. 

Chlofine is a greenish -yellow gas, heavier than air, and soluble in 
water. Tt- is much used as a bleaching agent. It has a very great 
affinity for hydrogen, and easily combines with most metals to form 
chlorides. 
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Various compounds of chlorine.— Potassium chlorate, can be 
obtained by passing chlorine for some time through a boiling solution 
of caustic potash and allowing the solution to crystallise. The 
chlorates are salts of an acid known as chloric acid . Potassium 
chlorate is the most important chlorate ; it is used in the manu- 
facture of matches and fireworks. 

Potassium hypochlorite is obtained by passing chlorine through a 
cold solution of caustic potash. If slaked lime is used instead of 
caustic potash, a mixture called bleaching powder is obtained. 


EXERCISES ON CHAPTER XXVII. 

1. Hoav is hydrochloric acid obtained? (live a abort account of 
its chief properties. 

2. What are chlorides ? How r may they be obtained ? Give 
examples. 

3. Describe the properties of chlorine, and state bow you would 
obtain the gas from salt and then reconvert it into salt. 

4. Under what conditions does chlorine unite with (a) hydrogen, 
(b) phosphorus, (r) sodium? 

f>. A lighted taper is placed in a jar of chlorine ; w hat happens, 
and w hy ? 

0. How may chlorine be (a) obtained from, (/>) converted into, 
hydrochloric acid ? 

7. What is the action of sulphuric acid upon salt ? What are the 
properties of both products? 

5. From hydrochloric acid how could you obtain (a) hydrogen, 
(b) common salt ? 

9. Describe in simple language any crystals which you have seen. 
Sav either how these crystals are made or where they are found. 
(P/r. 1902.) 

10. What is blenching powder? How is it obtained, and on what 
does its chief use depend ? 

11. In what form does hydrochloric acid exist under ordinary 
atmospheric conditions? Explain what occurs when hydrochloric 
acid is allowed to conic into contact with bleaching pow der. (K.S.) 

12. What is an oxidising agent ? Tn what sense can chlorine gas 
be regarded as an oxidising agent ? (K.S.) 

13. H nw r do you account for the fumes that are seen w hen strong 
hydrochloric acid is exposed to the air? What experiments prove 
that hydrochloric acid is composed of equal volumes of hydrogen and 
chlorine? (K.S.) 
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SULPHUR AND SULPHURIC ACID. 


108. SULPHUR. 

i. Melting 1 point of sulphur. — Draw out in the flame of a laboratory 
burner, a piece of glass tubing so as to make a small thin-walled 
tube, about two or three inches long and T Vineh in diameter. Into 
this tube place some finely powdered 
sulphur. Tie the filled tube on to a ther- 
mometer near its bulb with a piece of fine 
platinum wire, and put the thermometer 
into a beaker of sulphuric acid which has 
been placed over a burner. (Be very care- 
ful not to upset the acid.) Gradually heat 
the acid and keep it at a uniform tem- 
perature by moving the curved stirring 
rod (shown in Fig. 240) up and down. 

Notice when the sulphur melts, and at 
that instant road the thermometer. This 
reading will be the melting point of the 
sulphur. 

ii. Effects of heat upon sulphur. — (a) Put 
some finely powdered sulphur into a large 
test-tube, using sufficient to fill the tube 
to a height of about 1A inches, and heat 
carefully with a small laboratory burner 
flame. Occasionally take the tube out 
of the flame and shake it. When the 
sulphur has all melted notice, that an 
amber-coloured liquid has been formed. 

Pour a little of the liquid into a beaker of water. Observe that 
a lump of yellow sulphur is again formed, which W'hen broken 
reveals a crystalline structure. 

{h) Continue to heat tlie remainder of the liquid sulphur obtained 
in (a) .until the liquid boils. Carefully observe the changes in 
colour of the liquid. Pour a lit tle of the boiling liquid into cold 
water. Examine the cooled sulphur ; it is plastic and not unliko 
india-rubber. 



Fki. 2hi— Determination 
of the melting point, of sul- 
phur. 
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(c) Notice that a yellow deposit has been formed on the cold, 
upper part of the test-tube in which the sulphur was heated. This 
is the result of the condensation of sulphur vapour. The deposit is 
known as flowers of sulphur. 

iii. Plastic variety of sulphur.— After examining the plastic solid 
which results from suddenly cooling boiling sulphur, weigh a lump 
of it and place it on one side for a few days. After this iifterval 
examine it again and weigh it. There is no alteration in weight, but 
the lump has changed again to the ordinary kind of sulphur. 

iv. Crystalline varieties of sulphur. — (a) Dissolve some powdered 
roll-sulphur in carbon bisulphide. The solution must be made 
entirely by shaking, for the carbon bisulphide must on no account be 
heated. When the sulphur has all dissolved, pour the solution into 
an evaporating basin, and put it into a draught eupljpard free from 
dust to evaporate slowly. Examine the basin after an hour or so. 
Observe the crystals which have formed. Take the largest and 
most perfect and sketch its form. This kind of crystalline sulphur 
is known as the octahedral variety, 

{b) Place some powdered roll-sulphur in a clean, dry, evaporating 
basin and heat gently on a piece of iron wire gauze. When it has 
all melted, remove the flame and allow it to cool. As soon as a 
solid film has formed on the top of the liquid, pierce two holes in it 
and quickly pour out the remaining liquid sulphur through one of 
the holes. Remove the? film of solid sulphur and examine the yellow, 
needle-shaped crystals on the sides of the basin. This kind of 
crystalline sulphur is known as the prisrmitic variety (Fig. 24S). 

Examine the crystals after a few days. Observe they are now 
opaque. The prismatic sulphur has changed back again to ordinary 
sulphur. 

v. Sulphur can be obtained from some minerals. — Procure a little 
of the brass-like mineral called iron pyrites. Heat a fragment or two 
in a hard glass tube. Notice that melted sulphur gradually collects 
oil the cold part of the inside of the tube. 

How sulphur is found in nature.— Sul pliur is found 
naturally both alone - that is, in an uncombined condition — 
and also united with other substances in the form of chemical 
compounds. The uncombined or native sulphur is rarely 
pure. It is found most abundantly in the neighbourhood 
of volcanoes — as, for example, in Sicily — from which island 
a large part of the brimstone, as sulphur is commonly 
called, of commerce is obtained. Before being placed on 
the market the sulphur is purified, or separated from the 
earthy impurities by distillation, in suitable retorts connected 
with large cool chambers, in which the sulphur vapour,' driven 
off by heating, is condensed. In the first stages of the process 
the sulphur condenses as “ flowers of sulphur,” but later, when 
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the condensing chambers have become heated, as a liquid on the 
floor. This liquid is cast into the familiar “roll-sulphur” or 
brimstone which is well known to most people. 

Sulphur occurs naturally combined with other substances in 
the form of sulphides and sulphates. The sulphides are com- 
pounds of sulphur with metals, among the most common 
being : 

Galena, containing lead and sulphur. 

Blende, „ zinc and sulphur. 

Iron pyrites, „ iron and sulphur. 

Copper pyrites, „ copper, iron, and sulphur. 

The naturally occurring sulphates are compounds of sulphur 
with metals and oxygen. Their constitution will be better 
understood after sulphuric acid has been studied. The most 
common mineral sulphates found in the earth are gypsum or 
calcium sulphate containing calcium, sulphur, and oxygen ; and 
heavy-spar or barium sulphate, containing barium, sulphur, and 
oxygen. 

Sulphur is also present in some of the compounds contained 
in animal and vegetable tissues. 

Varieties of sulphur. — Sulphur is one of the few simple sub- 
stances which exist in several forms. When such substances have 
more than one modification, all of them with the same chemical 
composition but possessed of different physical properties, such 
as density, colour, crystalline form, and so on, it constitutes an 
instance of what is called allotropy, and the different varieties 
of the substance are called allotropic forms. Sulphur, oxygen, 
carbon, and phosphorus all have allotropic forms. Sulphur 
has four allotropic forms, though it is only necessary here to 
mention three of them. These are octahedral, prismatic, and 
plastic sulphur. It must be carefully borne in mind that 
though the properties of these varieties of sulphur are so 
different, yet all the varieties are composed entirely of sulphur. 

Octahedral sulphur. — Ordinary roll-sulphur, or brimstone, 
is composed of tiny crystals of this variety of sulphur com- 
pactly massed together. This can be seen by breaking a roll 
of sulphur in two and examining the broken ends, when 
crystals will be distinctly visible in the centre of the roll. 
But much larger crystals are obtained by dissolving powdered 
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roll sulphur in carbon bisulphide and allowing the solution 
to evaporate slowly into the air, when fairly large, perfectly 
formed octahedra of sulphur will be obtained. This kind of 





Fig. 247.— Crystals of copper sulphate. 

sulphur is the most stable form ; the other varieties gradually 
change into octahedral sulphur if left to themselves exposed 
to the air. 

Prismatic sulphur. — The second crystalline variety of 
sulphur is called prismatic sulphur. It is obtained in the 
form of clear, needle-shaped crystals by carefully melting 
powdered roll-sulphur in an evaporating basin and allowing 
the liquid obtained to cool slowly. As soon as a film of solid 
sulphur has formed on the liquid sulphur, two holes are pierced, 
and the remaining liquid rapidly poured through one of them. 
If the film be removed and the inside of the basin examined, a 
number of clear, needle-shaped crystals of prismatic sulphur 
are seen (Fig. 248). But when the basin is examined again after 
an interval of a few days the crystals are no longer clear ; they 
have become opaque owing to the transformation of each needle 
into a number of minute crystals of octahedral sulphur, which, 
as has been remarked, is the stable form of sulphur. 

Plastic sulphur. — When boiling sulphur, which may be 
obtained by melting powdered roll-sulphur in a large test- 
tube, is cooled suddenly by pouring it into cold water, it’under- 
goes a remarkable change. If a piece of the sulphur, solidilied 
in this manner, is taken out of the water and examined, it is 
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found to be like caoutchouc ; it can be pulled about like chew- 
ing gum, and it is quite as elastic. This springy material is 
plastic sulphur. But if plastic sulphur be left to itself for a 
day or two it gradually changes back into octahedral sulphur, 
another reason for regarding the octahedral as the stable form 
of the element. In this process of reconversion there is no 
change of weight. 

Effects of heat upon sulphur. — Sulphur undergoes a series 
of changes as it is heated. To follow the changes satisfactorily 



Fig. 248 .— Crystals of prismatic sulphur. 


the heating must be very gradual. When powdered roll-sulphur 
is heated in a large test-tube it first melts, at about 1 1 4° C., into 
an amber-coloured liquid, which w'hen poured into cold water 
solidifies into ordinary yellow sulphur. On continuing to heat 
the melted sulphur above 114° C., however, it gradually gets 
darker and darker in colour, becoming thicker and thicker in 
consistency, until at about 250° C. it is so viscid that the tube 
containing it can be inverted and the liquid will not flow. But 
if the temperature be still further raised, the thick liquid 
becomes mobile again, and by and by, at 440° C., it boils, 
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changing into a dark orange-red vapour. The vapour, by 
sudden cooling, can be changed into a yellow solid, known as 
“flowers of sulphur.” If the boiling sulphur be poured into 
cold water it is converted into plastic sulphur. 


109. OXIDES OF SULPHUR. 

i. Burning of sulphur in air. — Place some sulphur in a deflagrating 
spoon (Fig. 220) and hold the spoon in a flame of a laboratory 
burner. Notice that the sulphur burns with a feeble, pale blue 
flame. Observe the suffocating fumes of “ burning sulphur.” 

ii. Burning of sulphur in oxygen.— Refer to Expt. 92 v., and bear 
in mind sulphur dioxide is also formed in this case, and that the 
experiment shows the gas is soluble in water and that the solution 
has an acid reaction. 

iii. Bleaching power of sulphur dioxide. — Remove the stopper from 
a bell-jar, and replace it by a tightly fitting cork through which a 

wire with a hook on the lower end 
is passed. Suspend a few brightly 
coloured flowers by a thread from 
the hook. In a small basin place 
some fragments of brimstone, and 
with tin; aid of the flame of a 
laboratory burner set the sulphur 
alight. Place the bell-jar with the 
flowers in it over the burning sul- 
phur. Notice that after a time the 
flowers are bleached (Fig. 249). 

iv. Sulphur dioxide can he ob- 
tained from sulphuric acid. — In a 
flask fitted with a cork and delivery 
tube place some copper turnings and 
some strong sulphuric acid, and 
heat over wire gauze by means of a 
Bunsen flame. A gas is given off, 
but as it is soluble in water, it 

Fin. -The fumes formed wlion <annot Ik; collected in the same 
Hiilplnir burns in air will bleach way as hydrogen and oxygen, 
flowers. Being heavier than air, however, it 

may be collected in the manner 
shown in Fig. 244. Obtain by this means two jars of the gas. 

In (1) place a lighted taper, and in (2) a piece of moist red flannel 
or a coloured flower, allowing it to remain for some time. 

v. Sulphurous acid and sulphites. — Using the flask you have 
already fitted for the preparation of the gas, allow the •sulphur 
dioxide to bubble through a solution of caustic soda, which, wo 
have already seen, has the power of turning red litmus blue, and is 
called an alkali. Observe that the gas is absorbed, and that after a 
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time the liquid smells of the gas and has become slightly acid. Boil 
the solution and observe that the smell disappears, showing that the 
gas is expelled by heating, while by further evaporation a white 
solid is ultimately left. Examine this solid, which is evidently 
soluble in water, and satisfy yourself that it is not caustic soda, 
having no action on litmus. Add to it a little sulphuric acid and 
observe the smell of sulphur dioxide. 


Oxides of sulphur.— Sulphur forms two different compounds 
with oxygen, one called sulphur dioxide, the other sulphur 
trioxide. The latter compound contains half as much oxygen 
again as the former. 

Sulphur dioxide. — The simpler oxide of sulphur is formed 
when sulphur burns in air or oxygen. The only difference in 
the two cases of burning is that when the sulphur combines 
with the oxygen of the air the combustion is feebler, and the 
sulphur dioxide formed is mixed with the nitrogen of the air ; 
when the burning takes place in pure oxygen it is much more 
brilliant, and the sulphur dioxide formed is pure. 

Sulphur dioxide is most commonly obtained in the laboratory 
in larger quantities by acting upon hot, strong sulphuric acid 
by means of copper or mercury. It can easily be shown, by 
heating copper in strong sulphuric acid, that 


Copper 


in action 
with 


Sulphuric 

Acid 


forms 


Copper i Sulphur 
Sulphate A1 Dioxide. 
(Fig- 247) 


In preparing the gas, the apparatus shown in Fig. 244 is 
employed, without the wash-bottle, and, as in the case of 
chlorine and hydrochloric acid gas, sulphur dioxide is collected 
by downward displacement. This is because the gas is heavier 
than air and soluble in water. 

Bringing together the properties of sulphur dioxide, which 
different experiments already described have demonstrated, it 
may be said to be a colourless gas, with a suffocating odour, 
heavier than air, soluble in water — forming an acid solution — and 
possessed of strong bleaching powers. Its bleaching powers are 
made use of commercially in the preparation of straw’s and silks. 
It will not burn or support combustion. 

Sulphurous acid. — The acid solution of sulphur dioxide in 
water is often regarded as sulphurous acid, the gas having 
entered into chemical union with the water. On boiling the 
water the whole of the dioxide is expelled. When sulphur 
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dioxide is passed into a solution of caustic soda, the caustic 
soda gradually loses its power of turning red litmus paper blue. 
On evaporation a white solid is obtained which is not caustic 
soda. The formation of this solid is an example of the produc- 
tion of a salt, and many other salts are formed by analogous 
methods. The salts produced by neutralising sulphurous acid, 
as the solution of sulphur dioxide is called, are known as 
sulphites, and the particular salt prepared in Expt. 109 v. is 
sodium sulphite. All the sulphites are characterised by their 
property of giving off sulphur dioxide when acted upon by 
sulphuric or other strong acid. « 



l'iu. 200.— Apparatus for preparation of sulphur trioxide. 


Sulphur trioxide. — Sulphur dioxide can be made to combine 
with a further quantity of oxygen. The process is not so 
straightforward as most of those already described, but it is 
not difficult to understand. A mixture of sulphur dioxide and 
oxygen is passed over heated platinised asbestos. [Platinised 
asbestos is prepared by dipping asbestos fibres into (1) platinic 
chloride solution, (2) ammonium chloride solution, and heating 
strongly. By this means the asbestos becomes coated with a 
quantity of very finely divided platinum.] White fumes are 
formed in abundance, and when cooled sufficiently they change 
into a white powder, or crystals, known as sulphur trioxide. The 
apparatus necessary for the pur pose is shown in Fig. 250. 

Sulphur combines to Sulphur 

Dioxide with more Qh form Trioxidk. 
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The crystals of sulphur trioxide obtained in the above process 
are very soluble in water, the solution being accompanied by a 
hissing noise as when the oxide of phosphorus (p. 391) dissolves 
in water. The solution obtained is sulphuric acid. 

fcUJLPHUR combines w to Sulphuric 

Trioxide with form Acid. 


110. SULPHURIC ACID. 

i. Relative tensity of sulphuric acid.— Make a mark upon a small 
beaker about one-third of the height from the bottom. Weigh the 
beaker. Pour distilled water into the beaker up to the mark. 
Weigh again and so determine the weight of the water. Pour out 
the water and carefully dry the beaker inside and out. Fill up to 
the mark with strong sulphuric acid, being careful to upset no 
acid on the pan of the balance. Weigh again and determine the 
weight of the acid. What is the relative density of the acid ? (See 
p. 62.) 

ii. Heat developed during solution of sulphuric acid. Pour strong 
sulphuric acid into a graduated measuring jar with a spout. Place 
a measured quantity of water, say 250 e.e. in a jug or large beaker. 
Take the temperature of the water. Add 25 e.e. of tin; acid to the 
water, pouring it out in a continuous small stream (for if the acid 
splashes it will injure; you or your clothes). Keep the water stirred 
with the thermometer all the time; ; read the highest temperature 
recorded by the thermometer. Similarly add a second 25 e.e. of 
acid and again read the temperat ure. Then add a third 25 e.e. of 
acid, always keeping the mixture, stirred, and again read the 
temperature. 

Water should never be poured into sfrontj sulphuric acid because of 
this generation of heat. 

Hi- Sulphuric acid has a strong affinity for water.— (a) Into a 
small weighed beaker, or wide-mouthed bottle, put enough strong 
sulphuric acid to reach to about one-third of the height. Weigh 
again and determine the weight of the acid. Stick a piece of 
gummed paper outside the beaker to mark the level of the acid. 
Leave the acid exposed to the air for a day and then weigh again. 
Notice the increase in weight and also that the level of the liquid is 
now above the paper. The increase in weight and volume is due to 
water absorbed from the air. 

(b) Pour the strong acid on sugar. The charring which is observed 
is due to the absorption of water and the separation of carbon. 

iv. Acid properties.— (a) Observe again the acid properties by 
tasting the very dilute solution and Listing it with blue litmus 
paper. 

(b) Place a little of a dilute solut ion of sodium hydrate in a beaker ; 
test it with a red litmus paper. Now add, little by little, some of 
L.S. I. 2b 
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the acidified water. A point will Ik* wm»ii remind when the 
has noe fleet nn litmus. The and lias mutndisrd tbesoiliuin hv,;^ 

If 1 he solution be evaporated nearly to dryness and allowed 
crystals will be obtained, known as sodium sulphate. 

V. Action upon metals. -Refer to Kxpt* 95 i. and 105 iv. 

vi Test for sulphuric acid and soluble sulphates. — To dilui- 
sulphuric acid or a solution of imv soluble sulpliatr, stfel, f,„ 
example as the sodium sulphate obtained in Kxj.t. JJO iv. add a 
few chops of barium chloride or lmrniin nitrate solution Wuv 
the dense white precipitate which is formed. / lie precipitate cannot 
be got rid of either by boiling or by the addition ot acids. 


Sulphuric acid. — Its simple properties and its action on 
metals have already been studied. With some metals, e.g. zinc, 
it reacts when cold and dilute, liberating hydrogen and forming 
a sulphate of the metal ; with others, e.g. copper, it has no action 
until heated, when it produces a sulphate, but with the libera- 
tion of sulphur dioxide. 

With substances known as alkalies, of which sodium hydrate 
is a typical example, sulphuric acid also forms sulphates, that 
resulting from its action upon sodium hydrate being known as 
sodium sulphate. 

A similar action takes place when the base, such as magnesia 
nr magnesium oxide, neutralises sulphuric acid. In this case 
magnesium sulphate is produced. 


CHIEF POINTS OF CHAPTER XXVIII. 

Sulphur is a brittle, yellow solid, which may easily be reduced to 
a line powder. It is insoluble in water, but dissolves in carbon 
bisulphide. It melts at about 114°C. to a clear, yellow, mobile 
liquid, which, when poured into cold water, solidifies to ordinary 
yellow sulphur. On further heating, the yellow liquid becomes 
darker in colour, and more viscid, until at about 250° 0. it will not 
run out, even though the vessel containing it is inverted. At still 
higher temperatures the liquid again becomes thin and mobile and 
finally boils, evolving a dark orange-red vapour, which condenses 
either to an orange liquid or to a yellow powder. If the boiling 
sulphur be poured into cold water it solidifies to a solid resembling 
caoutchouc. 

This elastic solid is called plastic sulphur. If left in contact with 
air it returns to ordinary sulphur in a few days without any change 
of mass. The yellow' powder into which sulphur vapour condenses, 
without passing through an intermediate liquid state, is called 
flowers of sulphur. Ordinary commercial sulphur is called roll 
sulphur. 

Crystalline sulphur. — The crystals left when a solution of sulphur 
in carlKni bisulphide is allowed to evaporate have an octahedral 
form. Those obtained from melted sulphur are needle-like and 
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called prismatic. The prismatic sulphur crystals will, if loft alone, 
gradually change back to the octahedral variety. 

Allotropy is the property some simple substances, like sulphur, 
possess of existing in di tie rent forms which are known as allotropic 
forms. The chief alio tropic forms of sulphur are the octahedral, 
prismatic, and plastic. 

Oxides of sulphur. — Sulphur dioxide, is formed when sulphur burns 
in air or oxygen. It is also given off when copper is heated with 
strong sulphuric acid. It is a gas with a pungent smell, which does 
not burn or support combustion, and has the power of bleaching 
vegetable colours. It dissolves in water to form sulphurous acid . 
Sulphurous acid forms salts called sulphites. 

Sulphur trioxide. — By suitable means sulphur dioxide can be made 
to combine with more oxygen to form a higher oxide known as 
sulphur trioxiae. This oxide- dissolves in water, with a hissing 
noise accompanied by the evolution of much heat, to form sulphuric 
acid . 

Sulphuric acid is a heavy, oily liquid which boils at 33f>° C., 
giving off choking, pungent, white fumes. It mixes witli water in 
any proportion with the evolution of much heat. It absorbs moisture 
very readily, and is consequently used for drying gases. For the 
same reason it chars any organic? substance it comes in contact with. 
Sulphuric acid forms with alkalies salts called sulphates . 


EXERCISES ON CHAPTER XXVIII. 

1. Describe the changes which sulphur undergoes when heated. 

2. What is plastic sulphur, and how is it obtained ? How would 
you prove it consists solely of sulphur? 

3. What happens when sulphur burns? By what other method 
can you obtain the product formed ? 

4. (live an account of the properties of sulphur dioxide. 

5. Describe the appearances and properties of sulphur trioxide. 
How is it. obtained, and what is its action on water? 

6. How would you show that the gas formed when brimstone 
burns in air has the power of bleaching vegetable colours ? 

7. How is the element sulphur found naturally? Name as many 
chemical compounds as you arc acquainted with, known as minerals, 
wiiich contain sulphur as one of their const ituents. 

8. What do you mean by the “ melting-point ” of a substance ? 
Why cannot wv speak of the “melting-point” of glass? Contrast 
the “ melting-points” of mercury, lead, and iron. (1\T. 1902.) 

9. Give as many examples as you can of substances wiiich, 
whilst differing in appearance and physical properties, are notwith- 
standing identical in chemical composition. Indicate in each case 
how chemical identity could be experimentally demonstrated. 
(L.M., Jan. 1902.) 
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10. What gaseous compounds of sulphur are you acquainted with ? 
Describe how you would propose to obtain them from ordinary 
flowers of sulphur as the source of the element. (L.M., Jan. 1902.) 

11. How would you prepare crystals of sulphur from flowers of 
sulphur ? What experiment would establish the chemical identity 
of the various forms of sulphur? (K.S.) 

12. What do you know about the action of sulphuric acid on 
(1) lead, (2) iron, (3) copper? (K.S.) 



CHAPTER XXIX. 

PHOSPHORUS. COMPOUNDS OF NITROGEN. 
NITRIC ACID AND AMMONIA. 

111. PHOSPHORUS AND ITS OXIDES. 

i. Properties of phosphorus. — (a) Observe tlic appearance of some 
ordinary sticks of phosphorus. Notice the manner in which they 
are kept. Carefully cut a stick under water, and observe the 
appearance of the out surface. Note the phenomena observed when 
phosphorus is exposed to the air in the dark. 

(b) Place a little phosphorus in an evaporating basin containing 
water, and heat slowly. Note the temperature at which the 
phosphorus is seen to melt. Allow it to cool. 

(cj) Shake up a small piece of phosphorus in carbon bisulphide 
(see Expt. 108 iv. ). Notice that it dissolves. Pour the solution on 
to a piece of filter paper. Observe, the effect. 

(d) Repeat Expt. 88 i. Observe the dense white fumes. Add 
water and shake — the fumes dissolve. In the solution put a little 
blue litmus paper. Note that it is turned red. 

General characters of phosphorus. — Phosphorus, like 
sulphur, exists in different allotropic forms, and these must 
be examined first. Ordinary phosphorus, which is always 
kept under water, will probably appear at first to be a dark 
yellow, or brown, opaque solid. This is not, however, its 
true appearance, blit only that of a film w'hicli coats the 
exterior. If a piece of phosphorus be cut it will be found to 
consist of a waxy, translucent solid, of a pale yellow colour. It 
very readily inflames ; contact with any warm object is 
sufficient to start the combustion. For this reason it should 
not be handled, and when not in use should be kept immersed 
in w T ater, in which it is insoluble. Phosphorus glows in the 
dark, forming white fumes. Both glow and fumes arc due 
to its gradual oxidation. Phosphorus itself, as well as the 
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fumes formed when it is exposed to the air, are poisonous, and 
hence care must be taken during its use, both on this account 
and on account of its inflammability. 

If a piece of ordinary phosphorus is placed in water in a 
small basin and heated, it will be found that the phosphorus 
melts at about 43° C., but remains liquid below this tempera- 
ture. This is frequently the case with melted solids, but during 
the solidification the temperature again rises to the melting 
point. If the water be poured off, the phosphorus frequently 
catches fire, as it inflames in air at a temperature below the 
melting point. Yellow phosphorus, though insoluble in water, 
is readily soluble in carbon bisulphide. If its solution in this 
liquid be allowed to evaporate on a piece of filter paper, 
the whole may ignite spontaneously. The evaporation of the 
solvent, leaves the phosphorus deposited on the filter paper in 
so finely divided a state that it rapidly oxidises, charring the 
paper, even setting it alight. By careful evaporation of the 
solvent, crystals may be obtained. 

Red phosphorus. — This allotropic form of phosphorus is a 
dark, brownish-red powder. Examine it carefully and note 
well the differences from the ordinary variety ; substitute red 
phosphorus and try again the various experiments performed 
already. Bed phosphorus will be found to be insoluble in 
carbon bisulphide, and to ignite only when strongly heated 
(240° 0.). It is not luminous, neither does it oxidise when 
exposed to moist air. It is therefore not necessary to keep red 
phosphorus under water. Bed phosphorus, or amorphous 
phosphorus, as it is also called, is, further, non-poisonous. 
The chief use of phosphorus is in the making of matches. The 
common red match is tipped with a mixture containing 
ordinary yellow phosphorus. The so-called safety match has 
no phosphorus on its tip, but is struck by friction against a 
specially prepared surface coated with a mixture containing 
red phosphorus. 

Phosphorus and oxygen. — When phosphorus burns it forms 
a compound called phosphorus pentoxide. This is the product of 
combustion when either red or yellow phosphorus is used, and 
this fact may serve to prove that the two varieties are chemically 
identical. This oxide is readily obtained as dense white fumes 
when phosphorus is burnt in either air or oxygen ; these fumes 
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settle into a white amorphous powder which dissolves with a 
hissing noise very readily in water, forming an acid solution. 

If left exposed to the air the oxide absorbs moisture, being, 
in fact, one of the most powerful of drying agents, on account of 
which.it is frequently used as a dehydrator (i.e. for the purpose of 
removing moisture from gases or liquids). For the same reason 
it is of service in promoting many chemical reactions, the essen- 
tial part of which is the removal of the elements of water. 

Phosphoric acid and phosphates. — The acid solution which 
is formed when phosphorus pentoxidc is dissolved in water is 
known as phosphoric acid . 1 We may also obtain the acid 
directly from phosphorus itself by means of nitric acid, which 
is a powerful oxidising agent (i.e. a substance which readily 
gives up oxygen to other bodies). 

When nitric acid and phosphorus, which may be of either 
variety, are gently warmed together, an energetic action results, 
accompanied by an evolution of red fumes. On evaporation to 
dryness a gelatinous product,, which cools to a hard glassy mass, 
remains. 

The phosphoric acid so obtained is a crystalline solid which 
dissolves in water. Like other acids, it may be neutralised bv 
the addition of caustic soda, and a salt obtained. The salts 
obtained from phosphoric acid are known as phosphates. 

Phosphorus trioxide. — Other oxides of phosphorus exist, how- 
ever, besides the pentoxidc, and of these the most important 
is that known as phosphorus trioxide, phosphorus oxide, or 
phosphorus anhydride. This oxide results, to a small extent, 
when phosphorus burns in air, the quantity increasing when the 
supply of air is insufficient. It is a white solid with a garlic- 
like odour, and it differs greatly from the pentoxidc in its 
action on water, as it is only very slowly dissolved, forming 
an unstable acid, phosphorus acid, the salts of which are called 
phosphites. 

Manufacture Of phosphorus. — Phosphorus is employed for 
various purposes, but the greatest quantity is used for the pro- 
duction of matches, the tips of which consist of a little wax with 
phosphorus and potassium chlorate. The chief source of phos- 
phorus is the residue obtained on burning bones, which is 

1 This acid results when the water is hot : when cold water is used, another 
acid, which gradually changes to this one, is produced. 
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known as bone ash , and consists of phosphate of calcium. 
This product is converted into phosphoric acid by treating 
with sulphuric acid, when the following change takes place : 


Calcium 

Phosphate 


and 


Sulphuric ( Calcium 
Acid rorm ‘Sulphate 


i Phosphoric 
and Acid. 


The calcium sulphate, being insoluble, is easily separated from 
the acid, which is then concentrated and heated with powdered 
coke in cast-iron retorts connected with pipes dipping under 
water, by which means phosphorus is obtained. 

The crude phosphorus so prepared is purified by melting 
under warm water, the melted phosphorus befrig then cast, 
while still under water, in the form of round sticks. 


112. NITRIC ACID. 

i. Preparation of nitric acid.— Into a stoppered retort, such as is 
used in the distillation of water (p. 349). place 30 or 40 grams of 
small crystals of potassium nitrate (also known as nitre). Using a 



Fin. ‘251. — An experiment to show that nitric acid easily gives up oxygen. 

funnel, carefully introduce enough strong sulphuric acid to cover 
the nitre. Replace the stopper. Place the retort oil a stand as 
shown in Eig. 230, and insert its neck in that of a flask which is 
continually kept cool hy water, just as in the distillation of water, 
fjentlv heat the retort. Brown fumes are given off in abundance, 
and soon drops of a light yellow liquid are seen to fall into the 
receiving flask. When enough nitric acid has distilled over, remove 
the laboratory burner, and while the materials in the retort are still 
liquid, pour them, after removing the stopper, from the retort into 
an evaporating dish. 

ii. Properties of nitric acid.— Test the action of nitric acid upon 
metals and upon litmus. 
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ill Nitric acid easily gives up oxygen. — Procure a clay tobacco 
pipe of the pattern known as a “ church-warden,” and, by means of 
a retort-stand with a clip, support it in the position shown in Pig. 
251. Let its stein dip into a pneumatic trough in the manner the 
illustration makes clear. Heat the middle of the stem with a 
Bunsen burner until it is red-hot. When this is the case, drop 
strong nitric acid slowly into the bowl. You •will notice that a 
colourless gas collects in the cylinder over the pneumatic trough. 
When a sufficient amount of the colourless gas has been obtained in 
the cylinder, lift the stem of the pipe out of the water, and remove 
the burner. Test the gas in the cylinder with a glowing splinter of 
wood. The gas is oxygen. 

iv. Formation of a nitrate.— Dissolve some caustic soda in water 
and add nitric^icid gradually until a blue litmus paper placed in 
the solution just becomes purple. This shows that the acid has 
neutralised the caustic soda. Evaporate the solution till crystals 
appear on cooling, and allow the sodium nitrate to crystallise out. 
This experiment is an example of the production of a neutral salt 
from an acid and a soluble base, or alkali. 

Nitric acid. — One of the most important compounds with 
which chemists are familiar is an acid which lias long been 
known under the name of aqua fortis. It is a compound of 
nitrogen with hydrogen and oxygen. It can be prepared by 
synthesis (p. 343) from its constituents, but the experi- 
ment is rather one of theoretical interest than of practical 
importance. It is always prepared by distilling a nitrate with 
strong sulphuric acid. Either potassium nitrate, which is more 
familiarly known as “saltpetre” or “nitre,” or sodium nitrate, 
also called “Chili saltpetre,” is generally employed. The latter 
salt is the cheaper, and in addition yields a larger amount of 
nitric acid for a given expenditure of sulphuric acid, so that it 
is more commonly employed than ordinary saltpetre in the 
manufacture of nitric acid. 

The changes which take place when potassium nitrate 
is distilled with sulphuric acid in a glass retort, as de- 
scribed in Experiment 112 i., may be expressed by stating 
that 


Potassium ( 1 Sulphuric 

Nitrate dn Acid 


form 


Potassium 
Hydrogen and 
Sulphate 


Nitric 

Acid. 


In tlie manufacture of nitric acid on a large scale, however, 
greater heat is employed. This is possible because earthenware 
retorts replace the glass vessel of Experiment 112 i. In 
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113. AMMONIA. 

i. Preparation of ammonia. — (a) Place some ammonia solution in 
a flask and boil, allowing the gas that 
is evolved to pass over quick-lime or 
solid caustic potash in order to dry 
it. Collect several jars of the gas as 
shown in Fig. 253. Observe the gas has 
the same smell as the liquid and acts 
similarly on rgd litmus. 

ii. Properties of ammonia.— (a) In one. 
jar place a lighted taper. 

(h) Place a second jar in water, and 
note the rapid absorption of the gas 
and the rise of the water in the jar. 

(c) Dip a rod in hydrochloric acid and 
hold it over a jar of the gas. Observe 
the formation of white fumes. 

{d) Shake up a jar of the gas with a 
little water. Examine the solution. See 
that it is identical with the “ammonia 
liquid,” from which the gas was ob- 
tained, and that it loses its odour on 
boiling, the gas being evolved. 

(e) Heat an ammonium salt with cans- _ 0 _„ rj . 

, n • .1 Fi«. 253. — Preparation of 

tic soda or lime, or merely well mix the Ammonia. 

two in a mortar with the addition of 

a little water. Observe by the smell that ammonia is pro- 
duced. 

Properties and composition of ammonia. The liquid com- 
monly known in the laboratory as ammonia has a sharp pungent, 
smell and colours red litmus blue. If this liquid be heated, a 
gas is given off which may be dried by passing over quick- 
lime, and collected by upward displacement, as illustrated in 
Fig. 253. It is found that the “ammonia liquid” is merely a 
solution of a gas, viz. ammonia, which is very soluble in 
water, turns red litmus blue, does not support combustion, 
and is apparently not combustible. In an atmosphere of 
oxygen, however, the gas readily burns, forming nitrogen 
and .water. It hence contains nitrogen and hydrogen, and 
may, in fact, be proved to have the composition, three 
volumes of hydrogen to one volume of nitrogen in two volumes 
of the gas. To prove this, a long tube is filled with chlorine 
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gas, and by means of a funnel and the stopcock (Fig. 254) 

some strong liquid am- 
monia is run into the 
gas. Combination ensues 
between the chlorine* and 
the hydrogen of the am- 
monia with the formation 
of white fumes, and fre- 
quently a flash of light. 
The stopcock is then opened 
under water, 1 when the 
water rises and fills two- 
thirds of the volume of the 
tube, the gas remaining 
being nitrogen. As chlorine 
combines with an equal 
volume of hydrogen to 
form hydrochloric acid, 
the volume of nitrogen in 
the ammonia is only 
one -third that of the 
hydrogen. 

The white fumes formed 
in the above experiment 
and by the action of the gas on hydrochloric acid are fumes 
of ammonium chloride : 


I 


Fig. 254. — ' Tube for determining the com* 
pusitiou of ammonia. 


Ammonia and 


Hydrochloric 

Acid 


form 


Ammonium 
(.'ii lori de. 


The gas ammonia is very readily driven off from ammonium 
salts by the action of caustic soda. This method is very com- 
monly used for the preparation of the gas. 

When ammonium salts are heated they are generally driven 
into vapour. Ammonium chloride sublimes without decom- 
posing. Ammonium nitrate is decomposed into a gas known 
as nitrous oxide, which closely resembles oxygen in its pro- 
perties, and water in the form of steam. . 
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CHIEF POINTS OF CHAPTER XXII Z 

Phosphorus, like sulphur, exists in different allotropies forms. 

Ordinary phosphorus is a waxy, translucent solid of a pale yellow 
colowr. It very readily inflames and should not, in consequence, be 
handled, and when not in use should be kept immersed in water. 
It glows in the dark, evolving white fumes. It is poisonous. It 
melts at about 43° C. It is soluble in carbon bisulphide. 

lied phosphors is a dark brownish -red powder, insoluble; in carbon 
bisulphide, and only ignites when strongly heated. It is non- 
poisonous. It need not be kept in water. 

Phosphorus and oxygen. — When either ordinary or red phosphorus 
is burnt in afJ* or oxygen a compound called phosphorus pent oxide is 
formed. It is a white amorphous powder which dissolves very 
readily in water, to form an acid solution known as phosphoric acid. 
Phosphoric acid may be obtained directly from phosphorus by 
oxidising it with nitric acid. 

Phosphoric acid forms salts called phosphates. 

Phosphorus trioxide is formed to a small extent when phosphorus 
burns in air, the quantity increasing if the supply of air is 
insufficient. It is a white solid with a garlic-like odour. With 
water it forms phosphorus acid. 

Manufacture of phosphorus. — Phosphorus is usually prepared from 
the residue obtained by burning bones. This residue is a phosphate 
of calcium. By treating this compound with sulphuric acid it is 
converted into phosphoric acid. After concentration the phosphoric 
acid is heated with powdered coke in cast-iron retorts, when 
phosphorus distils over and is cooled by water. 

Nitric acid, sometimes called aqua fort is, is prepared by dis- 
tilling potassium nitrate or sodium nitrate with strong sulphuric 
acid. 

Being an acid it has a sour taste and turns a blue* litmus paper 
red. It is colourless when pure and is decomposed easily when 
heated. It acts violently oil most metals. Its great activity is due 
to the readiness with which it gives up oxygen. 

Ammonia. — When the gas, ammonia, is dissolved in water, the 
solution wiiich is produced acts as an alkali. The salts w r hieh it 
forms are known as ammonium salts, e.g. ammonium sulphate. 
When the solution of ammonia in water is heated the dissolved 
gas is again driven oil* and can be dried and collected. 

The gas itself is colourless, has a pungent odour, and is exceed- 
ingly soluble in water. It burns in oxygen, but will not support 
combustion. 
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QUESTIONS ON GHAPTEE XXIX. 

1. There are two forms of phosphorus. What are the charac- 
teristic differences between them ? How would you show their 
identity ? Of what industrial importance are the two forms o £ this 
element? (K.S. 1904.) 

2. What is formed when phosphorus burns ? Give an account of 
the appearance and properties of the product. 

3. What are phosphates, and how may they be obtained ? 

4. Describe, with diagram, an experiment to find the relative 

weights of phosphorus and oxygen which combine during the com- 
bustion of phosphorus (see also Chap. XXIX.). • 

5. For what purposes may the higher oxide of phosphorus be used 
in chemical work, and to what juoperty is its use due ? 

6. Give a short account of the mode of production of phosphorus. 
For what purposes is phosphorus chiefly employed ? 

7. You are provided with some nitre and strong sulphuric acid ; 
describe fully how you would proceed to prepare a specimen of nitric 
acid. 

8. Why is nitric acid said to be an oxidiser : Describe an experi- 
ment to show its oxidising power. 

9. State the composition and principal properties of ammonia. 
What happens when it is mixed (or) with water, {h) with nitric 
acid ? (L. M. , Jan. 1 899. ) 

10. You are given a number of cylinders containing ammonia gas. 
Describe the experiments you would make in order to illustrate the 
chemical and physical properties of the gas. (L.M., Jan. 1900.) 

11. Describe experiments which could be performed in order to 
demonstrate the points of difference between an aqueous solution of 
ammonia and of caustic potash respectively. (L.M., Jan. 1901.) 



CHAPTER XXX. 

CALCTUM CARBONATE ANI) SULPHATE ; SILICA. 

114. CALCIUM CARBONATE AND SULPHATE. 

Occurrence of carbonates.— We have already seen that chalk 
consists of calcium carbonate. The production of lime from 
this source, together with its reconversion into calcium carbonate, 
have been studied already in Chapter XXVI. Calcium carbonate 
occurs naturally in several distinct forms, and many rock masses 
are largely or entirely built up of this compound. When pure it 
occurs crystalline as the minerals calcite and aragonite, which 
differ only in their crystalline forms and physical properties. 
Calcite is also known as Iceland spar , calc spar , and by other local 
names. It is generally quite transparent and somewhat resembles 
quartz, from which it can be distinguished by its inferior hard- 
ness. It is easily scratched by a knife, while quartz is unaffected. 
It is what is called a doubhf -refracting substance. If a clear- 
crystal of Iceland spar be placed upon the page of a book and the 
print viewed through it, two images of each word will be seen. 
Calcium carbonate also occurs more or less pure in the earth ; s 
crust in a great variety of forms, such as chalk, limestone, 
stalactite, stalagmite, travertine, etc., some of which have been 
formed by purely chemical means, others by the aid of living 
organisms. 

Those formed by chemical means owe their formation to the 
power, possessed by water containing dissolved carbon dioxide, 
of dissolving calcium carbonate, which is again precipitated 
when carbon dioxide escapes. 

Travertine or calcareous tufa is precipitated by springs which 
lose their dissolved carbon dioxide, which is necessary for the 
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solution of the calcium carbonate, as they flow onwards. The 
carbonate, being insoluble in water alone, is deposited as soon as 
the carbon dioxide escapes. 

Stalactites and stalagmites. — The streams traversing lime- 
stone districts become saturated with carbonate of lime. In 
their course they often trickle through crevices in the roofs of 
caverns which have been formed in the limestone by the solvent 
power of water containing carbon dioxide. The drop of water 



Fia. 25f>. Stalactites and stalagmites in Olaphatn Cave, Yorkshire. 
(From a photograph by Mr. (leorge Fowler.) 


which is thereby exposed on the roof, is subjected to evapora 
tion, and the escape of the carbon dioxide and loss of water 
cause a slight deposition of carbonate on the roof, which is 
continuously added to by a constant succession of drops, until 
eventually beautiful pendants of calcium carbonate are formed, 
called stalactites , sometimes coloured by the presence of traces 
of iron oxide, and often having a wild profusion of forms 
(Fig. 255). Further evaporation of the water takes place on the 
floor of the cavern, giving rise to layers of the same chemical 
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compound, called stalagmites. Chalk, limestone, and coral con- 
sist almost entirely of the remains of animal organisms. 

Marble, also, is a form of calcium carbonate. It is really 
limestone, which, by the effect of great pressure and heat in the 
earthy crust, has become much harder and at the same time 
crystalline. 

Calcium sulphate is a compound which occurs in various 
forms including alabaster, selenite, and satin spar. The first 
of these somewhat resembles marble but is softer. It is 
white or slightly tinted, and when made into vases and other 
ornaments, anel therefore polished, it is seen to be semi-trans- 
parent or translucent. Selenite is found in transparent crystals, 
or in masses which at their edges show the leaf-like or foliated 
structure of the mineral. The commonest form of calcium 
sulphate, known as gypsum, occurs in irregular masses, like Hint, 
and is a valuable mineral. 

When either of these substances is heated it loses water of 
crystallisation and a white powder known as plaster of Paris 
is obtained. This substance is the well known material used 
for mouldings, ceilings, statuary, etc. When mixed with water 
to the consistency of cream and left, it rapidly sets hard, 
heat being developed at the time nf adding the water. 

Calcium sulphate dissolves in water to a small extent, pro- 
ducing permanent hardness in the water. It is also used in 
paper making. 


115. SILICA. 

Silica. — More widely spread throughout the earth’s crust 
even than calcium carbonate is the compound silica, which 
consists of the oxide of an element termed silicon. The element 
itself is only of importance on account of the compounds it 
forms. This oxide enters into the formation of by far the 
greater number of minerals and rocks, being combined with 
metallic oxides in the form of silicates ; indeed, in the free 
state or thus combined, silica forms more than half the weight 
of the earth’s crust. In the pure state it occurs both crystalline 
and amorphous. Two crystalline varieties are known, one, 
tridymite , is unimportant, while the other, quartz, is a frequently- 
occurring and highly-interesting mineral. If the quartz is 
l.s. i. 2c 
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quite clear and transparent, it- is known as rock-crystal, aim 
is the Brazilian pebble from which lenses are made foi eye 
glasses, etc. Sometimes the oxide at a heavy metal is present , 
colouring the quartz. 

Many sands are made up entirely of grains of ipiarty^which 
have heroine more or less rounded by continual rubbing against 
one another in water. If the sand becomes completed by the 
introduction of a cement and by the action of great pressure a 
sandstone is formed. 

Amorphous Silica is found in tlie form of chalcedony and its 
varieties, jasper and its varieties, and opal. • 

Chalcedony is known having all sorts of tints. It is often 
regarded as a mixture of quartz and opal ; it is familiar as the 
well-known red stone used in signet-rings and called carnelian. 
Agate is a. variegated chalcedony, composed of different coloured 
hands. Flint is generally of a black or dark grey colour, and is 
found in nodules or bands in the chalk formations of Surrey, 
Kent, etc. 

Jasper is an opaque, impure form of silica, of a red, brown, or 
yellow colour. 

Opal. — This species of naturally-occurring silica always con- 
tains water in varying amounts. It is supposed to contain some 
quartz as well as amorphous silica. It is often used in jewellery ; 
one variety shows a well developed iridescence, and is called 

precious opal. 


CHIEF POINTS OF CHAPTER XXX. 

Calcium carbonate is very largely found in the earth’s crust. It 
occurs pure and eystallinc in rafale and aratjomte and in a less 
pure condition in chalk , times/ one, stalactifen, sfalaymitex, travertine , 
etc. 

Chalk, limestone and coral arc, composed chiefly of calcium car- 
bonate, and consist almost entirely of the remains of animal 
organisms. 

Marble also is a form of calcium carl mimic. It is really limestone 
which by the effects of great pressure and heat in the earth’s crust 
has become hard and crystalline. 

Gypsum or sulphate of calcium occurs under the forms of alabaster, 
satin h)hv>\ etc. When heated it yields a white powder known as 
plaster of Paris which sets hard in a few minutes on being mixed 
with a little water. 
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Silica is even more widely found than calcium carbonate. It 
constitutes, either free or combined with bases to form silicates, 
about one-half the weight of the earth's crust. 

In the free state it occurs both crystalline and amorphous. Two 
crystalline varieties are known, one, tridymifr, is unimportant ; the 
other, quartz, is very abundant. 

Many mud* are made up entirely of grains of quartz. 

Amorphous silica is found in three forms (1 ) chalcedony, (2) jasper, 
(3) opal. Canadian, agate, and flint are common kinds of 
chalcedony. 


QUESTIONS ON CHAPTER XXX. 

1. What is silica? How does it occur in nature? 

2. How do flint and quartz differ from and resemble one another ? 

3. (five a short account, of the naturally-occurring forms of 
silica. 

4. What is calcite ? Describe its appearance. 

J5. What are stalactites and stalagmites? Of what do they con- 
sist and how are they formed ? 

6. Describe three naturally-occurring forms of calcium carbonate. 

7. What effect has chalk upon water which flows through or 
over it ? 

8. Mention three minerals consisting of silica, and state by what 
characteristic feature you would recognise them. 

9. How would you attempt to prove that limestone, marble, and 
calcite were essentially similar compounds ? [The student, is advised 
to consider well what experiments he has previously carried out with 
calcium carbonate.] 

10. Limestone, is dissolved in hydrochloric acid and the solution 
evaporated. Briefly deseril>e the appearance and properties of the 
substance which you would expect, thus to be obtained. 

11. Describe the naturally- occurring forms of calcium sulphate. 

12. What are the properties and uses of plaster of Paris ? 



CHAPTER XXXI 

SODIUM, POTASSIUM, AND THEIR COMPOUNDS. 

116. SODIUM AND ITS COMPOUNDS. 

i. Action of sodium on water. - Refer to Expt. 04 iv. p. 334. 

ii. Glauber’s salt or sodium sulphate. — Heat some crystals of this 
substance and notice the large quantity of water driven away. 
Prepare a hot saturated solution of sodium sulphate, pour it into a 
flask and allow it to cool while being kept perfectly still. Drop a 
small crystal into the cold solution and notice the sudden crystalli- 
sation, and at the same time the production of a large amount of 
heat. 

iii Caustic soda or sodium hydroxide .— 1 Throw some lime into 
cold water till on stirring a milky liquid is obtained. Pour some 
of this liquid into a dish and add a few crystals of washing soda. 
Boil the mixture of lime and washing soda for five minutes and 
allow the muddy liquid to settle. Pour off the clear solution and 
evaporate it to dryness. A hard white solid, sodium hydroxide, 
is obtained. Notice that when it is left exposed to the air it soon 
absorbs moisture. Dissolved in some water the sodium hydroxide 
produces a solution which seems soapy when touched ; it tastes very 
bitter. 

iv. Washing soda. — Heat some crystals of washing soda and notice 
the large quantity of water driven away. Test some solution of 
washing soda in water with litmus paper. Examine the action of 
dilute acid upon washing soda. 

Sodium. — This metal has already been referred to in two 
experiments. It is a soft silvery-coloured metal which so 
rapidly rusts or oxidises on exposure to air that it must be kept 
in bottles under mineral oil which contains no oxygen. It is 
easily cut with a knife. It burns in air or in oxygen with a 
yellow flame. Sodium combines with other elements so* power- 
fully that it is only set free with difficulty. Davy used a strong 
electric current to electrolyse some melted caustic soda. Sodium 
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is now prepared by the electrolysis of a fused mixture of 
common salt with other chlorides. 

Sodium is a very widely occurring element. Its commonest 
compound is that with chlorine or common salt, see Chap. XX VII. 
Combined with nitric acid it forms Chile saltpetre found in 
Chile and Peru (see p. 408), and it is also a constituent of some 
kinds of rock. 

Common salt.— See Chap. XXVII. 

Glauber’s salt, or sulphate of soda, is made by heating 
common salt with sulphuric acid. It is the substance remaining 
in the flask when hydrochloric acid is prepared, as on p. 307. 

Glauber’s salt contains no less than 56 per cent, of water of 
crystallisation, which it gives up readily when exposed to the 
air, a white powder forming on the colourless transparent 
crystals. When heated the crystals melt, and at 100° lose all 
their water and become converted into the white anhydrous 
powder. 

Sulphate of soda is found in some natural waters, and was 
formerly much used in medicine. 

Washing soda, or sodium carbonate, crystallises in large 
transparent crystals containing nearly 63 per cent, of water. 
The crystals rapidly lose this water on exposure to air or when 



Fig. 2 .%.— Fresh Crystals of Soda. (From Fig. 2;>7.— Crystals of Soda after exposure 
a photograph by Mr. H. E. Hadley.) to the air. (From a photograph by 

Mr. H. E. Hadley.) 

heated, .and fall into a fine white powder. Washing soda is 
very soluble in water, 100 parts of which at 100° dissolve 45*5 
parts of the crystals. When the fingers are dipped into the 
solution it is found to possess a soapy nature. 
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Washing soda changes litmus, previously reddened with acid, 
to its original blue colour. It is thus capable of neutralising 
acids, and in the process carbon dioxide escapes freely. 

The manufacture of washing soda is a very great industry, 
known as the alkali manufacture. The explanations of the 
processes employed, of which there are two, are not easy to 
understand at this stage. It will be sufficient to say that in 
both cases the soda is made from common salt. In the first or 
Leblanc process, the salt is heated with sulphuric acid, and the 
sodium sulphate so produced is strongly heated with a mixture 
of limestone and coal. The soda is dissolved* out from the 
resulting substance, called black ash , by hot water. In the 
second and later process washing soda is made by passing 
carbonic add gas and ammonia through a strong solution of 
common salt. 

Sodium bicarbonate is made by passing carbon dioxide gas 
into a solution of washing soda.. It forms transparent colourless 
crystals which produce a cooling effect upon the tongue. The 
crushed crystals arc generally sold, as a white powder, for 
making effervescing drinks. When strongly heated the bicar- 
bonate gives off* carbon dioxide gas and is changed into the 
ordinary carbonate. 

Caustic soda, also known as sodium hydrate or sodium 
hydroxide, is produced when sodium is placed in water 
(p. 334). The solution then obtained, if evaporated, becomes 
thicker and oily in appearance. If sufficiently strong the 
solution will crystallise. In practice caustic soda is made by 
a much cheaper process. Washing soda and quicklime are 
boiled together and then allowed to settle. The clear liquid 
above the white mud (consisting of chalk) is a solution of 
caustic soda. This solution is concentrated and poured into 
moulds to solidify into the sticks in which form it is sold. 

Caustic soda is a strongly alkaline substance which eats into 
or “burns” away the skin. It. rapidly absorbs moisture from 
the air, finally becoming liquid if not preserved in a closed 
bottle. It also strongly absorbs carbon dioxide gas from the air 
and gradually becomes coated with a layer of sodium carbonate. 

Caustic soda is used in the manufacture of soap, paper, and 
starch, and for many laboratory purposes. 
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117. POTASSIUM AND ITS COMPOUNDS. 

i. Action of potassium on water. — Repeat Expt. 04 iv. p. 334 
using potassium in plane of sodium. Similar results will be 
obtained, but the production of hydrogen is more? energetic and 
the experiment requires still more rant ion. 

ii. Potassium chlorate. — Refer to Kxpts. 91 i. ii. and iii., pp. 323-4, 
for experiments with this substance. 

iii. Caustic potash or potassium hydroxide. — Repeat Expt. 1 lb iii. 
p. 404 using potassium carbonate in place of washing soda. Notice 
the very close resemblance between sodium and potassium hydrates. 

iv. Nitre, saltpetre, or potassium nitrate. This substance has 
already been eised for the preparation of nitric acid. We may 
show that- it contains a large quantity" of oxygen in several ways, 
(a) Heat some crystals of nitre in a test tube and, when melted, 
drop into the liquid a small piece of charcoal. The charcoal burns 
with great energy. The experiment may be repeated with a small 
piece of sulphur with similar results. 

(h) Prepare a saturated solution of nitre in water Dip a filter- 
paper into the solution and dry it by waving the paper over a 
lighted Bunsen burner. When dry apply a light to the edge of 
the paper. It will be found that the paper burns aw’ay quickly 
as far as it has been dipped into tin; solution, a sparkling line of 
fire taking the place of a flame. Paper thus prepared is called 
touch-paper. 

v. Potassium permanganate.— (n) Drop two or throe crystals into 
a test tube of water and notice tin- fine purple colour produced as 
the crystals dissolve while falling through the water. 

(b) Heat a small quantity of the solid permanganate in a test tube 
and test for oxygen escaping by means of a smouldering cedar splint. 

Potassium. -This metal resembles sodium very closely in all 
its properties. The chief difference, so far as the elementary 
student is concerned, lies in the fact that because of its stronger 
attraction for oxygen it is still more difficult to obtain than 
sodium. It was discovered in the same way as sodium and is 
also prepared on the large scale by a similar method. 

Potassium is a soft bright metal which tarnishes even more 
rapidly than sodium. It. is therefore preserved under mineral 
oil or naphtha which contains no oxygen. It may be easily 
distinguished from sodium by the fact that when thrown on 
water the beat produced is sufficient to set fire to the hydrogen 
set free. The hydrogen flame is tinged with violet by the 
presence of the vapour of potassium. 

Potassium carbonate is the chemical name for the substance 
obtained from wood ashes, whence its old name of pot-ashes. 
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The ashes are lixiviated with water, that is, water is allowed 
to dissolve as much as possible of the ashes and the clear liquid 
drawn off and evaporated. At the present time most of the 
potassium carbonate is obtained from Stassfurt where are 
found large deposits of sylvine (a double chloride of potassium 
and magnesium), and of kainite (a complicated compound of 
sulphates and chloride). 

The pure carbonate forms colourless crystals which, on heating, 
yield water and a white anhydrous powder which rapidly 
absorbs moisture from the air. 

Potassium chlorate.— This substance has been already referred 
to in Chapter XXI V r . for the preparation of oxygen, and also in 
Chapter XXVII. under “chlorine compounds.” 

Caustic potash or potassium hydroxide resembles caustic 
soda very closely except that it absorbs moisture from the 
air somewhat more readily. It is produced when potassium is 
thrown into water. Like caustic soda it must be kept from the 
air since it has a very strong attraction for* carbon dioxide gas 
and forms with it potassium carbonate. It is sold in sticks and 
is only distinguished from caustic soda by careful tests. Caustic 
potash is made by boiling a solution of potassium carbonate to 
which lime is gradually added (ef. caustic soda, p. 406). It is used 
for the same purposes as caustic soda, such as soap making, etc. 

Saltpetre, or nitre, or potassium nitrate occurs in the soil in 
India and other countries. Chile saltpetre or sodium nitrate, 
from which most of the potassium nitrate is obtained, is found 
in Bolivia and Peru. 

From the soil the potassium nitrate is prepared by simply 
stirring it with water, concentrating the clear solution and 
crystallising. To obtain it from the sodium nitrate, potassium 
chloride is added to the solution, when potassium nitrate and 
sodium chloride are formed. The former crystallises out before 
the latter, which is more soluble in water. 

Potassium nitrate forms colourless transparent crystals which, 
when heated, melt to a clear liquid and afterwards give off oxygen. 

If some charcoal or sulphur be thrown on some melted nitre 
either takes fire and burns with great rapidity. 

Nitre is chiefly used in making gunpowder and fireworks. 
The sodium nitrate cannot be used for this purpose because 
on exposure to the air it absorbs moisture and becomes wet. 
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Gunpowder is made by carefully mixing together 75 parts of 
nitre, 15 parts of charcoal, and 10 parts of sulphur. These 
substances are finely powdered, then mixed by hand, and 
finally while wet, thoroughly ground together in a powder 
mill. The cake thus obtained is broken up between copper 
plates" the pieces are subjected to pressure, which produces 
granulation, and finally are glazed by being placed in revolving 
drums. 

The power of gunpowder arises from the sudden formation of 
a very large volume of gas consisting of carbon dioxide and 
nitrogen. 

The composition of gunpowder may be ascertained by first 
dissolving out the nitre with boiling water, the powder being 
placed on a filter paper. The sulphur is next extracted by 
means of carbon bisulphide, and the carbon or charcoal remains. 

Potassium permanganate is manufactured by heating 
together the black oxide of manganese, potassium chlorate, and 
caustic potash. The hard dark -coloured residue is boiled with 
water and allowed to settle. The clear liquid is evaporated and 
crystallised. 

Potassium permanganate forms small dark reddish-purple 
crystals which are soluble in water, producing a. very deeply 
coloured solution. This solution is much used in the laboratory 
on account of the ease with which it liberates oxygen either on 
being boated alone or with sulphuric acid. It is a powerful 
deodorantand disinfectant. Sodium permanganate, which closely 
resembles it, is known as Condy’s Disinfecting Fluid. 


CHIEF POINTS OF CHAPTER XXXI. 

Sodium is a soft metal having a powerful attraction for oxygen. 
It must be preserved under mineral oil. It decomposes water 
setting the hydrogen free. It burns in oxygen or in air with a 
yelloAv flame. 

Common salt.— Set; Chapter XXVII. 

Glauber's salt or sodium sulphate is made by heating together a 
mixture of common salt and sulphuric acid. It. is chiefly produced 
in the manufacture of washing soda and is remarkable for its 
solubility in water and for the large amount of water of crystallisa- 
tion it contains. 

Washing soda or sodium carbonate forms large colourless crystals 
which are very soluble: in water and contain a large amount of 
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water of crystallisation. It neutralises acids, carbon dioxide being 
set free. It is made in immense quantities in the Mai i industry. 

Caustic soda or sodium hydroxide is a very powerful alkali. ' It 
forms a soapy liquid when dissolved in water which burns the skin, 
whence its name. It is largely used in the manufacture of soap, 
paper, etc. , and is a useful substance in many laboratory processes. 

Potassium closely resembles sodium. It acts violently or* water 
and the hydrogen it sets free takes fire. 

Potassium chlorate.— See Chapter XXVII. 

Caustic potash or potassium hydrate is so much like oaustio soda 
that it is not readily distinguished from that substance. 

Saltpetre, or nitre, or potassium nitrate occurs in the soil in hot 
countries. It is a crystalline salt having a cool taste. It is chiefly 
used for making gunpowder because of the large quantity of oxygen 
which it contains. • * 

Gunpowder is a mixture of nitre, charcoal, and sulphur. It owes 
its power to the large volume of carlxm dioxide gas and nitrogen 
suddenly set free when it burns. 

Potassium permanganate is a dark reddish-purple crystalline 
substance which contains and easily liberates a large quantity of 
oxygen. It is this oxygen which makes it a powerful disinfectant 
when dissolved in water. In solution it forms a deep violet- 
coloured liquid. 


EXERCISES ON CHAPTER XXXI. 

1. Describe what happens when (a) sodium, (b) potassium are 
thrown into water. What substances are prcxlueed in each case ? 

2. Give the chief properties of Glauber’s salt. 

3. Write a short account of the manufacture and properties of 
washing soda. 

4. For what purposes is caustic soda employed ? 

5. How could you clearly distinguish between specimens of 
potassium carbonate and potassium chlorate? 

6. For what purpose is saltpetre chiefly used ? What happens 
when saltpetre is strongly heated in a tube and a piece of sulphur 
is thrown into the heated substance ? 

7. Suggest a method of ascertaining the percentage of saltpetre 
in a sample of gunpowder. 

8. How can you obtain oxygen from potassium permanganate? 
What are the uses of this substance ? 
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L Some familiar metals. — {a) Examine specimens of lead, copper, 
iron, zinc, tin, silver, gold, sodium, and mercury. Notice that 
while most are heavy solids, sodium floats on water, and mercury is 
a liquid. 

{h) Observe they are all opaque and possess a “metallic lustre.” 
Compare with crystals of iodine to satisfy yourself that some non- 
metals possess a lustre. Examine a very thin sheet of gold between 
two glass plates ; it is transparent. 

ii. All metals are not elements.— Examine brass, gun-metal, 
pewter, Cerman -silver, bronze, solder. These are alloys or mixtures 
of metallic elements. The metallic characters are not lost by 
mixing metals together. 

Metallic elements. —Though most people have some idea of 
what a metal is, it is a. somewhat difficult matter to say exactly 
what constitutes a metal. The fact is, that the elements cannot 
he sharply divided into two classes with all those that possess 
metallic properties in one division, and those in which such 
characteristics are absent in the f her. It is an easy thing to 
enumerate the respects in which, say, the metal gold and the 
non-metal oxygen differ from one another, but there arc many 
elements, like arsenic, which possess properties common to both 
typical metals and characteristic non-metals. 

But, as a rule, metals may be said to possess the following 
properties, though the student must remember that exceptions 
are known to nearly every one of the statements. 

Characters of metals.— 1 . Metals possess a peculiar lustre, 
which is commonly referred to as “metallic.” But iodine and 
graphite, which arc undoubtedly not metals, also have a lustre 
very like metals. 
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2. Metals are opaque. Yet gold can be lolled into sheets 
which are transparent to light. 

3. Metals are very dense, or ^possess a high specific gravity. 
Sodium and potassium are unmistakable metals, yet they float 
upon water. 

4. Metals, as a rule, are good conductors of heat and 
electricity. 

5. Metals unite with oxygen, or with oxygen and hydrogen, 
to form bases, which neutralise acids. 

Alloys. — All metals are not elements. Many of the familiar 
metals in common use are mixtures of metallic elements called 
alloys. When one of the metals present is mercury the alloy is 
known as an amalgam. The following table shows the metals 
present in some common alloys : 


Alloy. 

Bell -metal. 
Brass, 

Bronze, . 
German silvei 
Gun -metal, 
Pewter, . 
Solder, . 
Type-metal, 


Metallic Elements Present. 
Copper and tin. 

Copper and zinc. 

Copper and tin with some zinc and lead. 
Copper and nickel. 

Copper and tin. 

Tin and lead. 

Tin and lead. 

Lead, tin, and antimony. 


119. LEAD. 

i. Properties of lead.— (rr) Scrape a piece of lead and examine its 
metallic surface ; incidentally notice that it is much softer than 
steel. 

(b) By the method described on p. 60, determine the relative 
density of lead. 

(c) fcxamine load in the forms of sheets and wires. What 
properties must lead possess in order to be available in these forms ? 

ii. Heating lead in air. - {a) Melt lead in an iron spoon and pour 
the liquid metal into a mould made in sand. 

{!>) Melt more lead and keep the liquid metal stirred with an iron 
wire. Observe that it eom bines with the oxygen of the air to form 
yellow oxide of lead (litharge). 

iii. Lead obtained from its compounds.— {a) Strongly heat 'some 
red lead on a piece of charcoal by means of a blow-pipe. Notice the 
globules of the metal which separate. 

(6) Heat a mixture of lead oxide and powdered charcoal in a 
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crucible by means of the flame of a foot blow -pipe. Again notice 
the separation of metallic lead. 

iv. Lead is soluble in nitric acid.— Upon some fragments of lead 
in a test-tube pour sonic; moderately strong nitric acid. Notice the 
brown fumes and the gradual solution of the; lead. When the lead 
has dissolved, add water to the solution and gently evaporate on a 
sand-bath till nearly dry. Place on one side for a short time and 
notice the salt, lead nitrate, which separates in crystals. 

Lead. — Lead has a bluish colour, which can be seen by 
examining an unvarnished surface of the metal. The bright 
metal, however, noon tarnishes on exposure to air. It is 
lH times as heavy as water. It is very malleable and fairly 
ductile. It melts at 326° C. into a silvery fluid, which can be 
easily cast in moulds. Melted lead combines with the oxygen 
of the air to form yellow litharge. If this be strongly heated it 
will combine with a further quantity of oxygen to form the red 
oxide. Though it easily dissolves in nitric acid, forming lead 
nitrate (p. 394), hydrochloric acid and sulphuric acid have little 
if any, action upon it. 

In nature, lead occurs combined with the element sulphur as 
the ore galena, which is lead sulphide. But many other ores 
are known. 

The metal is made into sheets and pipes and extensively 
employed by the plumber. Alloyed with other metals it occurs 
as pewter, solder, and type-metal (p. 412). 


120. IRON. 

i. Properties of iron. — (a) Determine; the relative densities of steel, 
wrouglit-iron, and cast-iron bj' the methods described on p. 62. 

(b) Recall and, if necessary, repeat the experiments dealing with 
the rusting of iron on p. 307, that concerning the burning of iron in 
oxygen on p. 326, and the action of acids upon it. 

(c) Revise what has been studied of the magnetic properties of 
the metal (p. 243). 

Iron. — Iron is by far the most important metal known to 
man. The discovery of how to obtain it from the minerals in 
which it occurs was probably the most valuable ever made. 
Though it is very abundant in nature, it is rarely found 
uncombined. Tt has been found in certain strange masses, 
called meteorites, which drop upon this planet from inter-stellar 
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apace. In the earth it ia found combined with oxygen, forming 
oxides, as magnetite and haematite ; as oxides combined with 
water in limonite and gothite ; with sulphur, as the sulphides, 
iron pyrites and magnetic pyrites ; with carbon dioxide, as the 
carbonates, clay iron-stone and chalyhite ; and other less 
important ores. 

Three kinds of iron.— Iron is known and used in three 
forms, wrought-iron, cast-iron, and steel. The first is almost 
the pure element, but cast-iron contains also varying amounts 
of carbon and silicon. Steel contains the same elements as 
cast-iron, but the amount of carbon is considerably smaller. 
The different uses to which these varieties of iron are put 
depends upon the difference in properties they possess. 

Wrought-iron is very tough, and can easily be beaten out 
into plates. For those articles which are made by hammering 
the iron into shape, wrought-iron will evidently be used. 

Cast-iron is, on the other hand, brittle and easily melted, 
and consequently is employed in all cases where the article is 
made by running the molten metal into moulds. 

Steel has different properties according to the processes 
through which it lias passed, if it has been heated and then 
cooled very quickly, it is extremely hard but very brittle ; but if 
cautiously heated and cooled very much more slowly, it is no 
longer brittle but elastic. This latter process is called tempering. 
Another very important property which steel possesses is that 
it can be made into a magnet which will keep its magnetism for 
a very long time. All the magnetic needles used in telegraphing, 
and in electrical instruments of other kinds, are made of steel. 

The relative densities of different kinds of iron are seen from 
the following table : 


Steel, not hammered, . 

7-82 

Iron, bar, .... 

779 

Iron, cast, . 

7-21 


Oxides of iron. — Iron combines with oxygen in several 
proportions. The following table shows the proportions of the 
masses of iron and oxygen present in each case : 

Ferrous oxide, . . HO of iron with 16 of oxygen. 

Ferric oxide, . .112 „ 48 „ 

Tri-ferric tetroxide, . 168 „ 64 „ 
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The first of these does not occur in nature as a mineral. It 
combines with acids forming the series of salts known to 
chemists as ferrous salts, one of which, ferrous sulphate (green), 
is known naturally as the mineral copperas. * 

The.second, ferric oxide, is fairly abundant in nature. It 
constitutes the beautifully crystallised mineral speculor iron ore, 
found in Elba. It also makes up the mineral haematite , which 
goes under the names of kidney ore and pencil ore in the Furness 
district of Lancashire, according to the shapes which it naturally 
assumes. 


121. COPPER. 

i. Properties of copper.— (a) Examine copper in the form of bars, 
sheets, and wires. Notice its colour. From these varieties what 
properties of the metal can he deduced ? 

(b) Hold one end of a copper wire between your finger and thumb 
and put the other in the flame of a laboratory burner. You will 
soon be convinced that copper is a good conductor of heat. 

il Heating copper in air. — (a) lleat a piece of sheet copper over 
the flame of a laboratory burner. Notice the formation of a black 
film. This is the black oxide of copper. 

( b ) Refer to the experiment on p. 344, and recall the action of 
hydrogen gas upon this black oxide when the latter is heated. 

Hi. Action of copper on acids. — Try the action of the common 
acids upon fragments of copper placed in test-tubes. 

iv. Iron can displace copper from its solutions. — .Into a solution of 
blue vitriol (copper sulphate) plunge the blade of a knife. Observe 
the deposition of copper on the blade. The iron of the knife passes 
into solution and takes the place of the copper. 

v. Alloys of copper. — Examine specimens of brass, bronze, bell- 
metal, and gun -metal. Compare them with copper. 

Copper. — Copper is a red metal which is found naturally 
in an uncombined or “native” condition. It also occurs as 
ruby copper, which is an oxide of tlie metal, cuprous oxide ; 
and more abundantly as copper pyrites, a compound of the metal 
with iron and sulphur. Copper-glance and malachite are also 
well known ores of copper. 

Copper is hard and does not, when cold, change in dry air, 
though in moist air it slowly becomes covered with a green 
compound, due to the combination of the metal with carbon 
dioxide and water. When it is heated in the air copper 
combines with oxygen to form black oxide of copper. 
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: metal is nearly nine times as heavy as water. Ft is very 
e, and can be drawn out into very tliin wires ; its great. 

Ill legibility enables it to be rolled into very tliin sheets, which 
known as Dutch leaf. It is a good conductor of heat and 
of the electric current. Everybody is familiar with the^use of 
copper wires to conduct electric currents from one place to 
another. 

Moderately strong nitric acid dissolves copper forming with 
it a blue liquid, copper nitrate. Hydrochloric acid does not act 
upon the metal, nor does dilute sulphuric acid, but when copper 
is heated with strong sulphuric acid the metal is dissolved with 
the formation of copper sulphate, sulphur dioxide being evolved. 

The alloys of copper are both numerous and useful. As an 
examination of the table on p. 412 shows, copper is mixed with 
tin in varying proportions to form bell-metal and gun-metal ; 
with zinc to make brass: with nickel bi the manufacture of 
German-silver : and with tin, zinc, and lead to produce bronze. 


122. MERCURY. 

Properties of mercury. — (a) Determine the relative density of 
mercury by means of a density bottle as described on p. 62. 

{(>) Using the apparatus employed in the experiments described 
on p. 63, show that a column of mercury l inch high balances a 
column of water between 13 and 14 inches high. The relative 
density of mercury is consequently between 13 and 14. 

(<*) Satisfy yourself by trial, (1) an iron key floats on mercury, 
(2) mercury does not wet glass, (3) mercury adheres to clean zinc 
or copper, forming what is called an amalgam. 

(r/) boil a little mercury in a test-tube and show that it is volatile. 
Some of the mercury condenses in tiny drops on the cool parts of the 
tube. Take, care not to breathe any of the vapour. 

{( J ) If necessary, repeat tin; experiment of heating red oxide of 
mercury (p. 321). 

Mercury. — Mercury or quicksilver is the only metal which 
is liquid at ordinary temperatures. Its appearance is familiar 
to everyone from its frequent use in barometers and ther- 
mometers. It sometimes occurs pure in nature. Chiefly, 
however, it occurs in combination with sulphur as the mineral 
cinnabar (red), which is found in Spain, Hungary, Tuscany, and 
South America. If mercury is cooled to a temperature of - 40° C. 
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it solidifies, and is then malleable. Tt is the heaviest liquid 
known, being 13k times as heavy as water. 

If it be heated to a temperature of 315° 0. and air be passed 
over it, it combines with oxygen, forming red oxide of mercury. 
At ordinary temperatures the oxygen of the air has no action 
upon *it and the metal does not tarnish by simple contact with 
air. It boils at 357*5°, and is converted into a transparent, 
colourless vapour, which is very poisonous. It dissolves many 
metals, e.g. zinc and copper, forming alloys known as amalgams. 

Not only is it used in barometers and thermometers, but also 
in the manufacture of looking-glasses and in the laboratory, 
instead of witter, over which to collect some gases soluble in 
wat or. 

TTot concentrated sulphuric acid dissolves mercury, the action 
being exactly similar to that in the case of copper (p. 382). 
Nitric acid, too, dissolves it readily. 


123. ZINC. 

i. Properties of zinc.— (a) Examine some strips of zinc and make 
out as many propert ies as you can. 

(h) Determine its relative density. 

(r) Heat some pieces of zinc in an iron ladle and pour the liquid 
metal, drop by drop, into a bucket of water. The metal is cooled 
in t he form of granulated zinc. 

ii. Action of acids upon zinc. — (a) He read and, if necessary, 
repeal Experiment 95 i. 

(/>) Pour a little dilute nit ric acid upon some fragments of zinc iq 
a test-tube. Warm the solution. Filter and evaporate to dryness — 
zinc nitrate is thus obtained. 

Zinc. — Zinc occurs in nature combined with sulphur in the 
form of zinc sulphide, making the well-known ore zinc blende, or 
black jack. The carbonate of zine oeeurs as the ore calamine. 
Zinc is a bluish-white metal about seven times as heavy as 
water. Tt does not readily combine with the oxygen of the air, 
and is extensively used to coat, iron-plates to prevent their 
rusting. These sheets are known as galvanised iron. Zinc 
is also one of the constituents of brass. When zinc is heated 
strongly in air it readily combi ne« with the oxygen, the 
combination being accompanied by a greenish flame. 

As has been seen in studying hydrogen, zinc is easily dissolved 
us. i. 2 T) 



Fkj. 258. — Simple method of showing that silver is a bettor 
conductor of heat t han electro-] ‘late. 

(b) If possible, examine a sheet of thin silver leaf between two 
sheets of glass. Observe that when very thin it transmits blue.* light. 

(c) Place a silver spoon and an ordinary electro-plated spoon upon 
a sand-bath, as in Fig. 258. Upon the end of each put the end of a 
wax vesta without any wax with it, or hold the head of a match at 
the end of each when they are hot. Heat the sand-bath by placing 
a Bunsen burner under it. The match on the silver spoon will take 
fin; before that on the other spoon. 

ii. Silver coins contain copper.— Dissolve a threepenny piece in 
moderately strong nitric acid. Notice the blue colour of the solution. 
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Refer to Experiment iii. and satisfy yourself that silver coins 
contain copper, and that silver is soluble 1 in nitric acid. 

iii. Action of light on silver compounds. - To a solution of silver 
nitrate add a little' dilute hydrochloric acid, and notice the white 
precipitate which is at once formed. Filter the solution and so 
obtain the white precipitate on a filter paper. Leave it exposed to 
light, and note its gradual change of colour. 

iv. Properties of gold. - (a) Roll up a sheet of gold-leaf and drop 
it into strong nitric acid contained in a test-tube. The gold is not 
dissolved even when the aeid is warmed. 

(h) Add strong hydrochloric acid to the nitric acid in the last 
experiment, in thif. way making what is called aqua reqia. The 
gold is now dissolved. 

Silver. * Silver is a white metal about ten and a half times 
as heavy as water. Tt does not tarnish when exposed to 
the air, even when heated. Jt is consequently much used for 
coinage and for ornamental purposes. It is, however, too soft 
to be used by itself, and. is generally alloyed with copper. 
'British coins contain about seven and a half per cent, of 
copper. 

Silver conducts beat and the electric current more readily 
than any other metal. Jt is very malleable. When hammered 
into very thin leaves it is transparent- to some constituents of 
white light, transmitting the light of wave-lengths correspond- 
ing to the blue end of the spectrum. Silver is also very ductile 
and can be drawn out into wires of exceeding fineness. 

Acids act upon silver, producing similar effects to those which 
have been studied under copper. Thus, hydrochloric acid has 
no action on silver : nitric acid dissolves it, forming si Iyer 
nitrate, and evolving oxides of nitrogen ; and hot concentrated 
sulphuric acid dissolves silver, forming silver sulphate, and 
giving off sulphur dioxide. 

Silver forms with sulphur a black sulphide of silver. This 
explains the blackening of silver in ordinary rooms lighted 
by coal gas. The coal gas nearly always contains slight traces 
of sulphuretted hydrogen, which act upon the silver with 
the formation of the black sulphide of the metal. Similarly, 
india-rubber contains sulphur, and if a silver coin is left in con- 
tact witli a piece of india-rubber, the same blackening is noticed. 

Several compounds of silver, notably the chloride, the bromide 
and the iodide , are blackened bv exposure to light, a fact which 
forms the basis of photography. 
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Gold. — Gold is nearly always found native (p. 4i;>) j, ( 
nature, though it also occurs alloyed with other metals. Every* 
body is familiar with its bright yellow colour and with the 
circumstance that it is unacted upon by the air. ft is more 
than nineteen times heavier than water. It is unacted upon by 
any of the common acids acting singly, though a hot mixture of 
strong hydrochloric acid and nitric acid will dissolve it. For 
this reason the mixture of these acids is known as aqua regia. 

Gold is too soft in the pure state to be used either for coin age 
or for jewellery and is always alloyed with copper. This gives 
rise to the employment of the term carat, hire gold is known 
as 24 carat gold. The British sovereign, which contains 22 
parts of gold in 24 parts of the coin, is said to be made of 
22 carat gold. Similarly, 9 carat- gold consists of 9 parts of gold 
in every 24 parts of the article made of it. 

It is the most malleable and most ductile metal known. Gold 
leaf has been made into sheets so thin that it would require 
more than a. quarter of a million of them together to make a 
thickness of an inch. Gold wire of such an extreme thinness 
has been manufactured that two miles of it only possess a 
mass of 1 gram. Ordinary gold leaf, such as is used for gold 
lettering, is transparent to some constituents of the spectrum ; 
it transmits green light quite readily. 


125. PREPARATION OF SOME COMMON METALS 
FROM THEIR ORES. 

Zinc. — The carbonate or sulphide when strongly heated or 
calcined in a current of air becomes changed into the oxide. 
The oxide is heated strongly with coal, which at a very high 
temperature removes the oxygen, leaving the zinc. The mixture 
of oxide and coal is heated in iron retorts and the zinc distils 
over into iron receivers. 

Iron is obtained from its ores by reduction. A mixture 
of coal, limestone, and the iron ore previously calcined so that 
it consists chiefly of oxide, is strongly heated in a large furnace 
some eighty feet in height, and a supply of hot air is forced into 
the heated mass by means of tubes, (ailed tuyere * ?, arranged near 
the base. The hot coal with the oxygen in the blast forms 
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carbon monoxide, a very powerful reducing agent. The reduc- 
tion of the iron oxide takes place part of the way down the 
furnace and the iron gradually works downwards, starting as a 
pasty mass but becoming quite liquid at the bottom. Here it 
is found beneath a layer of melted slag, which consists of silica 
from the ore combined with the limestone. The melted iron is 
run off into branched grooves made in sand and on cooling 
is known as pig iron or cast iron. 

Copper. — The smelting of copper ore is a complicated process. 
If the ore contains no sulphur it is heated strongly with coal or 
coke which removes the oxygen. If sulphur is present the 
operations are not so simple, for it is important that no 
sulphur be allowed to remain in the final product. The ore 
is roasted and melted repeatedly, and the mass of nearly 
pure melted copper is stirred finally with wooden poles till 
all trace of sulphur is removed. 

Mercury. - The ores are roasted, the sulphur passes off as 
sulphur dioxide, the mercury distils over and is collected in 
a series of cool vessels. 

Lead. —The ore galena, or lead sulphide, is first roasted in 
a stream of air. Part of the sulphide absorbs oxygen from 
the air and becomes sulphate. The temperature is now raised 
and the sulphate and the remaining unchanged sulphide act 
upon one another, the sulphur escaping as oxide. The lead 
now set free melts and flows to the bottom of the furnace. 

Silver. — This metal is prepared by three processes. In t^e 
first mercury is mixed with the ore, after previously treating 
it with salt, and the two metals form an alloy from which the 
silver is obtained by distilling off the mercury. 

In the second process the silver ore is heated with some 
lead ore. The lead and the silver together form an alloy. 
The lead is removed bv melting and blowing air over the 
surface. Lead oxide is formed, melts on the surface of 
the heated mass, and is blown away by the blast of air, till 
at last the pure liquid silver appears. 

In the third process the ore is heated carefully in a current of 
air until the silver is changed into sulphate. The sulphate 
of silver is dissolved in water and the silver is removed from 
the solution by placing in it some scrap copper upon which the 
silver is deposited. 
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CHIEF POINTS OF CHAPTEB XXXII. 

Metals. — Metals possess a peculiar lustre; they are opaque and 
very dense; they conduct heat and electricity well: they uyitc 
with hydrogen and oxygen to form bases. 

Mixtures of metallic elements are called a/loys. 

Lead lias a bluish colour; its density is 1 1 ; it is malleable 

and ductile; it melts at 32(P C. With oxygen lead forms lithan/r 
and red-lead ; with sulphur it forms fjafena. It is one of the 
constituents of pewter, solder, and type-metal. 

Iron is the most important of metals. It is used in three forms, 
icrouqht -iron, cast-iron steel These forms have different properties. 
It is abundant in nature, e.<j. combined with oxygen it forms lode- 
stone and haematite: with sulphur, iron pyrites; with carbon dioxide, 
clay ironstone. Its density varies from 7*2 to 7*8. 

Copper has a red colour, it is hard, and does not change in dry 
air. Its density is about 9. It is very malleable and ductile. 
It is a very good conductor of the electric current. Common 
minerals in which it occurs are rtthy copjier, copper pyrites , and 
malachite. It is dissolved by moderately strong (sold nitric acid 
and is soluble in hot strong sulphuric acid. Numerous -alloys of 
copper .are used. 

Mercury or (juici-silver is the only liquid metal at ordinary tern 
peratures. It is much used in thermometers and barometers. Its 
density is 1 To. It boils at 3o7’o° C. It dissolves many metals 
forming amalgams. Cold nitric acid and hot strong sulphuric acid 
dissolve the metal. 

Sodium is lighter than water. Its density is 0*97. Tt has to he 
kept under naphtha because of its strong at tract ion for oxygon. 

Zinc is a bluish-white metal. Its density is about 7. It does 
not easily combine with the oxygen of the air, and is extensively 
used to eoat iron, as in qafranised iron. It is one of the constituents 
of brass. It occurs in nature combined with sulphur, and with 
carbon dioxide. The metal easily dissolves in dilute hydrochloric, 
sulphuric, and nitric acids. 

Silver is a white metal. Its density is about 10*5. It does not 
tarnish in ail-, and when alloyed with copper is much used for 
coinage, and jewellery. It is very malleable and ductile. The action 
of acids upon it is similar to the case of copper. Many compounds 
of silver arc sensitive to the action of light, a fact which forms the 
basis of photography. 

Gold is a bright yellow metal, which generally occurs native* in 
nature. It is unacted upon by air, and is much used for jewellery 
and coinage. It is soluble in aqua rtyia. Pure gold is known as 24 
carat gold. The British sovereign contains 22 parts of gold ill 24 of 
the. coin, and is called 22 carat gold, Gold is the most malleable 
and the most ductile of all metals. 
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EXERCISES ON CHAPTER XXXII. 

1. Wliat arc the usual characters possessed by a metofr? Name 
any exception you know to any of the properties you state. 

2. What do you understand by eacli of the following terms: 
native gold, alloy, amalgam, carat? 

3. Name three alloys in which copper occurs, and three in which 
lead is an important constituent. 

4. What metals occur in each of the following minerals : cinnabar, 
haematite, galena, malachite, blende? 

5. Enumerate the characteristic properties of lead and silver. 

fi. What metals do you know to be soluble in each of the follow- 
ing acids : hydrochloric, sulphuric, nitric? 

7. What do you understand by galvanised iron ? How is it 
made, and what reasons can you suggest for the process ? 

8. To what uses are the following metals put : mercury, gold, and 
zinc ? On what properties of the metals do these uses depend ? 

h. (live a short account of the preparation from their ores of any 
two common metals. 



Absorption, effect of surface 
on, 18ft 

Acceleration, 41, 42; an in- 
stance of, 41 ; meaning of, 
42 ; rate of change of velo- 
city, 42 

Acid, chloric, 374 ; hydro- 
chloric, 3(57-371 ; nitric, 392- 
304 ; phosphoric, 301 ; phos- 
phorous, 301 ; .sulphuric, 
385-380 ; sulphurous, 382, 
383 

Action and reaction, 48 
Active part of air, 321 -323 
Adhesion, 14 
Agate, 402 

Air, action of hot copper on, 
311 ; action of iron on. 307- 
312 ; active part of, search 
for, 321-323 ; change in, 
caused by rusting, 310 ; 
changes in, produced by 
burning phosphorus, 313; 
chemical composition of, 
329 ; chemical properties 
of> 308-311; inactive put of, 
328-331 ; not a chemical 
compound, 330-331 
Air-pump, 110, 117 
Alabaster, 401 

Allotropic forms of car- 
bon, 352 ; oxygen. 329 ; 
phosphorus, 390; sulphur, 
379 

Allotropy, 379 
Alloys, 411, 412 
Amalgamated zinc, 267 
Amber, 260 

Ammonia, 395-396 ; composi- 
tion of, 395 ; forms white 
fumes with hydrochloric 
acid, 39ft ; preparation of, 
395 ; properties of, 395 ; 
very soluble in water, 3(55 
Ammonium chloride, 396; 

sublimes when heated, 390 
Amorphous varieties of car- 
bon, 352 
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Ampere's rule, 274 
Animal charcoal, 352 
Anions, 284 
Anode, 281, 284 
Anomalous expulsion of 
water, 152-156 ; conse- 
quences of, 155 
Apparent solar day, 33 ; time, 
34 

Aqua fortis, see Nitric acid 
Aqua regia, 419 
Aragonite, 399 

Archimedes, principle of, 93- 
102 ; demonstration of, 97 
Area, measurement of, 23-25 
Argon, 329 

Asbestos, platinised, 384 
Atmosphere, circulation of. 
196-199; extent of, 10S; 
pressure of, 107-11 1 
Atoms, 4 

Attraction and repulsion, 
electrical, 25s, 260 ; of 

gravity, 44 
Axis, magnetic, 247 

Balance, 56-58 ; simple, (50 ; 

spring, 56, 59 
Balloon, 1*9 
Barium sulphate, 379 
Barometer. ‘108-1 11 ; cistern, 
109, 110; definition of, 110; 
mercurial, 109 ; principle 
of, 108 
Base. 386 
Bell metal, 412 
Binding screw, 273 
Blaeklcad, 352 
Blast furnace, 120 
Bleaching p>wder, 375 
Blende, 379 

Boiling point, 132 ; depend- 
ent on pressure, 131, 151 ; 
determination of, 148 ; of 
water, 130, 131. 132; table 
of, 177 

Boiling under diminished 
pressure, 151-152 
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Bone asli, 392 
Box of weights, 57 
Boyle's law, 112-U6; graphic 
representation of, 291 ; 
statement of, 1 ! 5 
Bramah press, 14 
Brass, 412 

Breezes, land and sea, 198 
Brimstone, sec Nulphuv 
Brinc, 347 

British and Metric equiva- 
lents, 31 

British measures of length, 
21 

Bronze, 412 
Bunsen’s cell, 209, 270 
Buoyancy, ‘97, 98 ; measure- 
ment of, 97 
Burette, 29 

Burning and rusting, 307- 
318 

Calamine, 117 
Calc spar, 399 
Oaleite, 399 

Calcium, 361 ; carbonate of, 
301, 399-101 ; chloride of, 
300; oxide of, 3(51; phos- 
phate of, 392 ; sulphate of, 
348, 379, 401 

Calorimeter, water equiva- 
lent. of, 170 

Camera, photographic, 229 ; 
images are inverted in, 205; 
pin-hole, 204; size of image. 
205-207 

Candle, burning of a, 31.4- 
318 ; burning of, in chlor- 
ine, 373; burning of, in oxy- 
gon,325; produces moisture 
when burning, 314, 310; 
no loss of weight when a 
caudle burns, 10 ; sub- 
stances produced by a 
burning, 16; uses up air 
when burning, 315, 310 
Candle flame, structure of, 
I 317 
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.parities for heat, compari- 
son of, 166 ; measures of, 31 
.parity, 29 • 
irat, 420 

,rbon, in plants, 351, 34. f » ; 
properties of, 351 ; varie- 
ties of, 35], 352 
irfonii dio^de, 320 ; acid 
solutions formed l»y, 357 ; 
action on lime water, 352, 
357, 358 ; formed l»y burn- 
ing carbon, 351 ; formed by 
burningeandlc, 353 ; occur- 
rence of. 353, 350 ; pre- 
paration of bottles of, 357 ; 
produced by breathing 
and burning. 352-350 ; pro- 
duction by beating fhalk, 
350-201 ; produced by elialk 
and acid. 350-350 ; proper- 
ties of, 350, 357 ; uses of, 
35S 

iirbon monoxide, 301-303; 
occurrence, 302 ; prepara- 
tion of, 301 ’, properties of, 
303 ; unites with oxygen, 
303 

arbonatos, properties of, 
301 

arnelian, 402 

ast iron, manufacture of, 
421 

austic potash, 407, 408 ; 
preparation of, 107, 408 
austic soda. 400 ; prepara- 
tion of, 404, 406 
ell, the simple voltaic, 208, 
200 ; types of voltaic, 200- 
271 

entigrade scale, 134 
entiinet re, 22 

entre of gravity, 7.1-77 ; 
determination of, 71, 73, 
74 ; of skeleton figures, 71 
halcodony, 402 
balk, coni] msiti on of, 360 ; 
production of lime from, 
300 ; results of adding acid 
to, 300-301 ; undergoes 
change when heated, 300 
flialybeate waters, 347 
lliaraeters, distinctive, of 
gases, 14; liquids, 10-1-1 ; 
solids, 7-10 

Jhareoal. 351 ; animal, 352; 
burning of in oxygen, 325 ; 
wood, 352. 

Charges, electric, bound and 
free, 204. 205 

lliemical change, 200 ; ele- 
ments. 21 

-hcmical combination, 304 
Ihcmical compounds, 302.; 

fixed composition of, 303 
Ihemioal decomposition. 303, 

"O/I 


Chemistry, definition of, 296 
Chili saltpetre, 393 
Chlorates, 375 

Chlorides, formed by chlor- 
ine and metals, 374 
Chlorine, 370, 371-374 ; action 
of on caustic potash, 374 ; 
bleaches, 371 ; combines 
spontaneously with some 
metals, 371 ; compounds, 
374-375 ; has great affinity 
for hydrogen, 372 ; is 
heavier than air, 373 ; is 
soluble in water, 372 ; pre- 
paration of, 371, 372 ; 

properties of , 373 ; solution 
in sunshine gives off 
oxygen, 372 

Circulation of atmosphere, 
196-199 

Clay ironstone, 411 
Clinieal thermometer, 131, 

135 

Clouds, 193 
Coal, 352 

Coefficient of expansion, 138; 
defined, I3S ; of a gas, 137 : 
of a solid, 138; of liquids, 

136 ; tables of, 141 
Cohesion, 11, 14 ; definition 

of, 14 

Coin, composition of gold, 
420 

Coke, or gas carbon, 352 
Collision of masses, 46 
Colour, 234-239 ; of a body 
depends upon the light 
falling upon it, 239 
Colour disc, 238 
Compass, mariner's, 253 
Compressibility, 4 ; of gases, 
4 ; of liquids, 5 ; of solids ; 
5; a proof of porosity, 5 
Concave mirrors, 217-2 IS; 
law «>f distances, 217 ; prin- 
cipal focus, 217-218 
Conduction of heat, 181-182; 
definition of, 181; lowering 
of temperature by, 179 
Conductivities of metals, 
relative, 179 

Conductors, electrical, 262, 

263 

C< uidy's fluid, 409 
Convection of beat, 182-184 
Co-ordinates, 286, 288 
Copper, 415-4 16; action of. 
on aeifis, 415; aetion of 
hydrochloric acid on, 416; 
action of nitric acid on. 
416; alloys of, 415; dis- 
placed by iron from its 
solutions, 415 ; effect of 
beating in air, 415; heated 
with sulphuric acid gives 

-nil i . u ■ «««> 


paration of from ore, 421 ; 
properties of, 415 ; pyrites, 
379, 415 ; relative density 
of, 416 ; ruby, 415 ; used to 
conduct, currents, 416 
Copper nitrate, !^4 
Copper sulphate, crystals of, 
380 ; preparation of, 383 
Coppoias, 415 
Copper glance, 415 
Ci oss- section of a wire, 9 
Crystallisation, 300-301; con- 
ditions of, 301 ; water of, 
340 

Crystals, forms of, 301 ; ex- 
amples of common shapes, 
SOI 

Cubical expansion of a 
liquid, 139 

Current, electric, cause of, 
277, 278; direction of de- 
flection of a magnetic 
needle by, 273, 274 ; beat- 
ing of wire by, 277, 279 ; 
magnetic aetion of, 267. 
271-273: passage of, through 
liquids, 281, 282 
Currents, ocean, 200; causes 
of, 200-201 

Curve, equation of a, 2hS, 
290-291 

Damki i.’s cell, 209, 270 
Day, apparent solar, 32 ; 
mean solar, 34 ; sidereal. 
34 

Decantation, 300 
.Declination, magnetic. 247- 
249 ; defined, 249 ; value at 
Greenwich, 24 9 
Deere] »i tat ion, 366 
Densities, of different bodies, 
60 

Density, « 0-62 ; definitioi?of, 
62 ; determination of rela- 
tive, 62-66; meaning of, 
61 ; standard of, 61 
Dew, 186*187 ; conditions for 
formation, 187 
Dew-point, 187, 189; deter- 
mination of, 187, 189 
Diamond, 351 

Dip, magnetic, 249-252; de- 
termination of, 250; ex- 
planation of, 250 ; value at 
Greenwich, 251 
Dipping needle, 249-252; be- 
haviour at different places, 
251 

Dispersion, a consequence of 
unequal refraction, 235 ; 
of light, 234-237 
Distillation, 298 
Distinctive characters, of 
gases, 14 ; of liquids, 10-14 ; 

f 1,-1- "HI 
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Drops, 10 ; cause of, 14. 
Ductility, 9 

Eauth as a magnet, 252 
Eartli, rotation of, 33*34; 
pori< >1 of. 34 

Earth s magnetic poles, posi- 
tion of, 251 

Effervescent waters, 347 
Elastic and non-elastic 
solids, 5 

Elasticity, 1, 5; limit of, 5 
Electric charges, 201-203; 

equal and opposite, 201, 202 
Electric current, cause of, 
277, 27* ; direction of, 201*; 
heating of wire hy, 277, 
279 ; magnetic action of, 
207, 273, 274; passage of 
through liquids, 281, 2S2 
Electricity, static, 258-205 ; 
fundamental experiments, 
207; voltaic, 207-270 
Electrics, 200 

Electrification, 250-205 ; by 
frict ion, 258 ; two kinds of, 
25; t, 200 
Electrode, 281 
Electro-magnet. 271, 272 
Electro-motive force, 277 
Electrolysis, 281-284, 343; of 
copper sulphate, 281; of 
water, 282-284, 341 ; terms 
used in describing, 284 
Electrolyte, 2S4 
Electroscopes, 202 
Elements, metallic, 411; 
nature of, 21>0 

Equilibrium, 75-77 ; centre of 
gravity and, 75 ; neutral, 
stable, and unstable, 75, 70 
Eudiometer, 342 
Evaporation, 208 ; cooling' 
l»y, 140; freezing by, 117 
Expansion, anomalous of 
water, 152-150; common 
illustrations. 125; cubical, 
125; linear, 125; measure- 
ment of, 137*141 ; of gases, 
124 ; of liquids, 124 ; of 
solids, 123; real and ap- 
parent, MU; superficial, 
125; unequal of solids, 123 
Extension of matter, or space 
occupied, 2 
Eye-piece, 231 

Fahrenheit scale, 134 
Ferric oxide, 414 
Ferrous oxide, 414 
Ferrous sulphate, 415 
Filtration, 299 

Fire, changes in a coke fire, 803 
First law of motion, 45 
Fixed points on thermo- 
meter, 183 


Flint, 402 

Floating bodies and fluid 
displaced, 03, 04 
Fluid displaced by floating 
bodies, 03, 04 ; weight of 
equal to weight of body, 
05 

Fluidity, 8 
Fogs, 103 

Force, definition of, 45; unit 
of, 40 

Forces, represented by lines, 
48, 50 ; resolution of, 51 -52 ; 
parallel, 00-71 

Freezing mixtures, 157 ; ex- 
amples of, 157 

Freezing print, marking of 
on thermometer, 130, 132 

Gat/kxa, 370, 413 
Galvanised iron, 417 
Galvanometer, 273-277 ; mir- 
ror, 270 ; principle of, 271 ; 
simple, 275 

Gas, effect of pressure on a, 
15 

Gases, Hid conductors of 
heat, 1 si ; expansion of, 
140, HI ; relation lietween 
pressure and volume of, 
112-114 

German silver, 412 
Glauber’s salt, 401 : contains 
much water of crystallisa- 
tion, 404 ; properties of, 405 
Gold, occurs native, 420 ; 
dissolves in aqua regia, 
410; properties of, 410, 
420; when thin is trans- 
parent. Ill 

Gold leaf, 420; electroscope, 
203 

I Good and bad conductors of 
beat, 181 ; applications of, 
182 

Gram, definition of, 58 
Graphic diagrams, 270 ; re- 
presentation, 280-208 ; re- 
presentation of changes of 
volume of water, 156; of 
forces, r»u 
Graphite, 852 
Gravitation, 43 
Gravity, attraction of, 44 ; 
centre of, 71-77 ; determin- 
ation of, 71, 73. 74 ; of 
skeleton figures, 7 1 
Grove’s cell, 270 
Gun metal, 412 
Gunpowder, 409 
Gypsum, 370, 401 ; when 
heated yields plaster of 
Paris, 401 

Hematite, 414 
Hail, 105 


Hardness 0 ; measurement 
of, 10 ; of water, 345, 317 ; 
permanent, 345, 348 ; tem- 
porary, 345, 348 
Hare’s apparatus, 64, 65 
Heat, capacity for, 103, 164 ; 

produced by resistance, 270 
Heat quantities, comparison 
of, 104 
Helium, 320 

Hoar frost, is" ; not frozen 
dew, 187 

Hope’s apparatus for show- 
ing maximum density of 
water, 154 
Hydraulic press, 13 
Hydrochloric acid, 367-371 ; 
ac$ ; on of metals on, 368 ; 
chemical behaviour of. 370 ; 
composition of, 360, 370 , 
contains hydrogen, 368 ; 
preparation of, 367 ; pro- 
duction of hy candle burn- 
ing in chlorine, 373 ; pro- 
perties of, 36s ; solution of 
in water, 36s ; synthesis 
of, 374 

Hydrogen, 334-345 ; action 
of ii] ion heated copper 
oxide, 348 ; burns but does 
not support combustion, 
337 ; forms an explosive 
mixture with air, 338; has 
a great affinity for chlorine, 
372 ; lighter than air, 387 ; 
preparation of, 336 ; pre- 
pared from sodium and 
water, 335 ; preparation 
of in large quantities, 380; 
properties of, 340 ; pro- 
perties of flame of, 338 
Hydrometer, 95 
Hydrostatic paradox, 13 
Hygrometer, 1*7-190 
Hygrometer, Mason’s, 187; 
Hogiiault’s. 1S*-190. 

Iceland spar, 399 ; a doubly 
refracting substance, 399 
Impenetrability of matter, 2 
Inactive part of air, 328-329 
Inclined plane, 84, 86 ; 

7 >avallelogram of forces 
applied to, 86. 

India-rubber, stretching of , 7 
Inducing charge. 265 
Induction, electric, 264 ; 

l Magnetic, 25 >4 -255 
Inertia, 6, 12, 44 
Insulators, electrical, 262, 263 
Intensity of light. 207 
Ions, 284 

Iron, 413-415; action of 
heated on wat er. 333 ; air 
altered during rusting of, 
308, 309, 310; burning of 
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in oxygen, 320 ; q&st, 414 ; i 
does not rust in boiled 
water, 333 • found in | 
meteorites, 4 Hi ; increase 
of weight, during rusting 
of, :t07, SOU; preparation 
of from ore, 420 ; relative 
densities of different kinds, 
414; rusts in unboiled, 
water, 333 ; rusts in air, 
301* ; three kinds of 414 ; 
wrought, 414 
rou oxide, 328, 414 
ron pyrites, 371*. 

f asi’KK, 402 . 

Cainitk, 408 t 

ivathions, 281 
Kathode, 2SJ, 284 
Kilogram, 58 
Krypton, 321) 

LaiITOMK'ITR, 1*0 
Lampblack, 352 
Land and sea breezes, 198 
Latent, heat., 172-174 ; of 
fusion, 170; of steam, 174- 
I7ti; of water, 173; ol'vapo- 
lisation, 177 
Lath, bending of a, 7 
Law of magnetic poles, 240 
Laws of electrical action, 201 ; 
of magnetism, 244-247 ; of 
motion, first, 4:"> ; second, 
47 ; third, 48 

Lead, changes produced on 
heating, 321 ; heating in 
air, 412 ; obtained from its 
compounds, 112, 121 ; pre- 
paration of. from ore, 
421 ; properties of, 412,413; 
soluble in nitric acid, 413 
Lead nitrate crystals, 394 
Lead, red, gas produced liy 
heating, 821 

Leblanc process of making 
soda, 400 

Lens, built up of parts of 
prisms, 230; principal focus 
of, 228; refraction through, 
228-231 

Lever, 77-79 ; arms of, SO ; 
classes of, SO ; principle 
of, 80 

Light, a form of radiation, 
203 ; analysis of, 234-289 ; 
intensity of, 207 ; recti- 
linear propagation of, 203. 
204 

Lime, 301 ; • action of, on 
litmus solution, 300; pro- 
duced by heating chalk. 
300; slaking of, 300 ; solu- 
tion of, in acids, 300 
Limestone, 399 


Lime water, action of carbon 
dioxide on, 352, 357, 858 
Lines of force, 240 
Liquefaction, 144-140 
Liquid, head of, 104 ; pres- 
sure of, 103 107 ; upward 
pressure of, 104, 106 
Liquids, distinctive chat- 
act ers of, 10-14 ; find their 
level, 11 ; communicate 
pressure in all directions, 12 
Litharge, 3-2, 413 
Loci, 280, 288 

Locus, syniltolic representa- 
tion of, 288, 290 
Jjodestone, 244 
Loss of weight of bodies 
immersed in water, 98 
Lustre, some non-metals 
have a, 411 

Macii inks, 79-89 
Magnesium, burning of, in 
oxygen, 320 ; increase of 
weight whe i burnt, 307 
Magnesium sulphate, pre- 
paration of, 880 
Magnet, artificial. 243, 244 ; 

natural, 242, 214 ; result, of 
I breaking a, 245 
Magnetic, action of electric 
currents. 271-273; attrac- 
tion and repulsion, 244 ; 

; axis, 247 ; declination, 247 ; 
dip. 249-252; detenninu 
ti«*n of, 250; explanation 
of. 250 ; value at Green- 
wich, 251 ; equator, 247 ; 
induction, 254 255 ; mer- 
idian, 240 

Magnetisation bv lodes tone, 
212 ; met hods of. 254 
Magnetism, 242-255 
Magnetite, 244, 414 
Malachite, 415 
Malleability, 9 
Manganese, chloride, 373 ; 
dioxide, 325 ; use of in pre- 
paring chlorine, 378. 
Marble, 101 

Mason's hygrometer, 187, 
iss 

Mass, standards of, 58 
Mass and weight, 56-00 ; 

meaning of. 50 
Masses, equal, have equal 
weights, 00 

Matter cannot be destroyed, 
15-10; definition of, 3; 
divisibility of, 3 ; exten- 
sion of, 2 ; impenetrability 
of, 3; meaning of, 2 ; three 
states of, 0 ; transfers 
motion, 3 

Maximum density of water, 
151 


Mean solar second ,34 ; time, 34 
Measurement, of area, 23-25 ; 
of length, 20-22 ; of vol- 
ume, 25-30 

Mechanical advantage of a 
machine, 85 ; o£ a system 
of pulleys, SO 

Melting point, 145 ; of butter, 
145; of wax, 144; table 
of, J40 

Mercury, 410-417 ; action of 
acids upon, 417 ; forms 
amalgams, 410; heaviest 
liquid known, 417; occur- 
rence, 410; nitrate, 394 ; 
preparation of from ore, 
421 ; properties of, 410-417 ; 
red oxide of, 321 ; used for 
looking glasses, 417 
Meridian, geographical, 247 ; 
magnetic, 240 

Metals, all are not elements. 
411 ; characters of, 411-412 ; 
eon d line with active part 
of air, 311 ; effects of heat- 
ing in air, 80S ; general 
characters of, 411 : spon- 
taneous combination of 
with chlorine, 871 
Metals and non-metals, 290- 
297 

Metallic elements, 411 
Meteorites. 418 
Metric and Jiritish equiva- 
lents. 31 

Metric.moasurenient of mass, 
59 ; measures of length, 22 ; 
of eajiaeity, 31 
Microscope, 228 
Minerii! water, 347 
Mirror, images produced bv 
plane, 214, 215-217 
Mirrors, spherical, 217 
Mist, 193 

Mixtures, and compounds, 
the distinction between, 
308; separation of by mag- 
netism, 802; bv solution, 
301 

Momentum, 40 ; unit of, 40 : 
change of proportional to 
force, 47 

Moments, principle of, 78, 82 
Monsoons, IPS 

Motion, 87, 98 ; definition of, 
38 

Neuativk electrification, 201 
Negative pule of cell. 201* 
Neon, 32'.* 

Newton's laws of motion, 45, 
47, 48 

Nitrate, formation of a, 
393 

Nitre, properties of, 407, 408 ; 
prepared from the soil, 408 
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Nitric acid, 892-394 ; action of 
on metals, 392, 394 ; action 
of on sawdust, 394; an 
oxidiser, 394; easily gives 
up oxygen, 393 ; properties 
of, 392.. 394 ; preparation 
of, 392 

Nitrogen, 321, 328-329 ; pro- 
perties of, 328 

North magnetic pole, 249 ; 
why a magnetic needle 
points to the north, 240 

Object glass, 231 
Ocean currents, 200 ; causes 
of, 200-201 
Opal, 402 

Opaque bodies, 239 
Oxides, formation of ex- 
plained, 327 ; of iron, 414 : 
of sulphur, 383 
Oxidiser, nitric acid an, 394 
Oxidising agent, 391 
Oxygen, 321-328; active part 
of air called, 323; from 
plants, 3, >1 ; preparation <»f, 
323-325 ; properties of, 325- 
327 ; soluble in solution of 
pyrogallol. 326 
Oxygen mixture, 325 
Ozone, 329, 330 

Pakam.ki. forces, 09-71 ; prin- 
ciple of, 71; resultant of, 
09 

Parallelogram of forces, 49-02 j 
Pebble, Brazilian, 401 
Pendulum, 33, 30 ; seconds. 41 
Perpetual motion impossible, 
40 

Pewter, 412 
Phosphates, 391 
Phosphites, 391 
Phosphoric acid, 391 ; pre- 
paration of, 391 
Phosphorous acid, 391 
Phosphorus, 389-392 ; amor- 
phous, or red, 390 ; and 
oxygen, 390 ; air used up 
by. in burning, 312 ; burn- 
ing of, in oxygen, 320; burn- 
ing of, 312-314; changes 
produced in air by burn- 
ing, 313; dissolves in car- 
bon disulphide, 3S9; fumes 
from, dissolved in water 
yield an arid solution. 3sp; 
manufacture of, 391-392; 
pentoxide, 390, 391 ; pro- 
perties of, 3S9 ; red, in- 
soluble in carbon disul- 
phide, 390; slowly burn- 
ing, uses up air, 311 ; 
used for making matches, 
390 

Phosphorus triuxide, 391 


| Photometer, Bunsen's, 211 ; 

Rum ford’s, 211 
Photometry, 210-212 
Physical and chemical 
change, 295-290 
Pin-hole camera, 204, 205 ; 
images sire inverted, 205; 
size of image, 205-207 
Plants, oxygen from, in sun- 
light., 354, 355; purifying 
action of, 355 
Plaster of Paris, 401 
Plasticity, 10 
Platinised asbestos, 384 
Plotting, loci, 280 ; points, 
2S0 

Polarisation, 208, 209 ; 

methods of removing, 
209 

j Poles, position of earth’s 
magnetic poles, 251 
Porosity, 1, 4 

Positive, electrification, 201 ; 

pole of cell, 209 
Potassium, 407 ; action of, 
on water, 407 ; carbonate, 
407 ; chlorate, 323, 324; 
chloride, 325, 374 ; hydro- 
gen sulphate, 393 ; hy- 
droxide, 107, 4 OS ; prepara- 
tion of, 407. 40s ; hypo- 
chlorite, 375 ; nitrate, 392; 
pro] forties of, 407 ; pur- j 
manganatc, 407, 409 ; 

preparation of, 374 ; sul- 
I pliate, produced in pro- 1 

paring nitric acid, 394 ; 

i yields oxygen when 

I heated, 407 

I Potential, difference of, 

! Precipitation. 301 
Pressure, effect of on boiling 
point, 151 ; of atmosphere, 
107-1 II : of liquid column, 
100 ; of liquids, 103-107; 

depends upon depth, 103, 
105; independent of form 
of containing vessel, 101; 
of liquids, relation between 
and area acted upon, 105; 
total upon area, 105; 
upward, 100 

Principle of Archimedes 
stated, 98 

Principle of work applied to 
pulleys, SO 

Prism, refraction through, 
227-228 

Proof plane, 203 
Properties, definition of, 2 ; 

general, of matter, 2-0. 
Pulley, S3-S0; fixed, 84; 
single, 84, 85 

Pump, air, 110, 117 ; common, 

no, ns 


Quantity of boat, 159-177; 
in relation to substance, 
163 ; in water, 161 • 
Quartz, a form of silica, 401 
Quicklime, 301 

Radiation of heat, 184-186 
liain, 194 v 
Rcaumar scale, 135 
Recomposition of white light 
by prism, 237 ; by wheel. 
238 

Red lead, 413 

Reflection of light, 214 ; law* 
of, 212, 216. 

Refraction />f light, 221-231 ; 
is aeeoni] tallied by dis- 
pm'siou, 235; laws of, 221, 

224- 225 ; through a lens. 

225- 231 ; through a prisru. 
227-228 ; various effects of. 
222, 225, 220 

Refrigerator, 182 
Regelation, 145, 140 
Regnault's hygrometer, IKS 
Relative density, determina- 
tion of, 62-00 

Relative density of solids. 
99-101 

Resinous electrification, 201 
Resistance, electrical, 277-279 
Resolution of forces, 51-52 
Resultant, calculation of, 51 
Resultant of two forces, 51 
Rigidity, 8 
Rock crystal, 401 
Rusting of iron, 307-312 

Sai.t, common, 300-307 ; 
action of strong sulphuric 
acid on, 300 ; composition 
of, 309 ; crystals are cubes. 
360; crystals contain no 
water, 300 ; effect of heat 
on, 300; rock, 300; soluble 
in water, 3(50 ; solution is 
neutral, 300 
Salt pans, 347 

Saltpetre, 393 ; properties of, 
407, 408 ; pro] mred from 
the soil, 408 
Sands, 401 
Sandstone, 401 
Satin spar, 4<>1 
Screw, 84, 88 ; mechanical 
advantage of, 88 
Sea breezes, land and, 198 
Second law of motion, 47 
Selenite, 401 
Shadows, 208-209 
Sidereal seconrir 34 
Silica, 401-402; amorphous, 
102 ; forms more than one 
half the weight, of the 
earth's crust, 401 ; varieties 
of, 402 
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icatcfl, 401 

icon, 401 • 

vcr, 418 ; a good conductor, 

I IS ; action of acids on, 419 ; 
iction of sulphur on, 419; 
aromide, 419 ; chloride, 419 ; 
iodide, 419 ; preparation of 
from ore, 4*21 ; properties 
tf, 418; wlffen very thin, 
transmits blue light, 419 # 
Ivor coins cun tain copper, 
418 

[vcr compounds, action of 
light on, 419 

phon, IP',, 119; force driv- 
ing liquid in, 120 
iked lime, 800 • 
io\v, 194. 195; crystals. 195 
uliuni, 320, 334, 404^05, 
411 ; action of on water, 
834, 33. r >; burning of in 
oxygen, 32(5; bicarbonate, 
prepara ti< »n and pr< iperties, 
400; carbonate, 4Uf>; crystals 
of, 405 ; preparation and 
properties of, 405, 400 ; 
chloride, properties of, 
800; lloat.8 on water, 411 ; 
hydroxide, preparation of, 
404 ; nitrate, 393 ; occur- 
rence of, 40o ; properties of, 
404, 405 ; sulphate, 404 ; 
sulphite, ”>84 

olar day, apparent, 34, 35 ; 
mean, 34, 35 
older, 412 

olids, distinctive characters 
of, 7-10; ductility of. 9; 
hardness of, 9 , malleability 
of, 9; rigidity of, 8; ten- 
acity of, 9 

olubility curves, 291-21*3 
olution, 297-298 ; a physical 
change, 25*8 ; saturated. 298 
olvent power of hot and 
cold water. 300 
overeign, 1*20 

pecifichoat, 107-171 ; defini- 
tion of, 100 ; determination 
of, 107-171 : of liquids, 109; 
of solids, 108 ; table of, 170 
pacific gravity, bottle, 0*2, 
04 ; determination of, !*9 
ipeetroscope, 236 
Ipeetrum, 285-237 ; varieties 
of, 237 

Ipccular iron ore, 415 
ipeed , 37, 39 

'pherical mirrors, 217-218; 

principal focus of, 217, 218 
Spirits of salt, see hydro- 
chloric acid • 

Spring balance, 50, 59 
lability, conditions of, 77 
Stalactite, 31*9, 400 
Stalagmite, 31*9, 400 


Standards of mass, 58 
Star or sidcral day, 34, 30 
States, the three states of 
matter, (5-7 

Steam, composition of by 
volume, 374 

Steel, 414 ; properties of, 
414 ; tempering of, 414 ; 
relative density of, 414 
Storage, electric, 204 
Sublimation, 30** ; of am- 
monium chloride, 390 
Sulphates, 379 ; production 
of, 3N0 

Sulphides, 379 

Sulphites, 38*2, 8*4 ; give sul- 
phur dioxide when acted 
upon by sulphuric acid. 3S3 
Sulphur, 377-382; bleaching 
. power of the dioxide, 382 : 
burning of, in air, 38*2 ; in 
oxygen, 320, 382 ; crystal- 
line varieties of, 378 ; crys- 
tals of prismatic sulphur, 
381 : effect of heat upon, 
377, 381 ; flowers of, 378 ; 
how found in nature, 37*; 
moiling point of, 877 ; 
native, 8.78 ; obtained from 
some minerals, 378 ; oeta- | 
liedral, 379; oxides of, 38*2- 
385; plastic, prepared ion of. 
380; present in animal 
and veget able tissues, 379 ; 
prismatic. 380; varieties 
of, 879 

Sulphur dioxide. 8*28; com- 
bines with oxygen to form 
sulphur trioxide, 8*1 ; dis- 
st »lvos in water. 383 ; ex- 
pelled from solution bv 
boiling, 3s:; ; neutralises 
caustic soda solution, 388; 
production of, by burning 
sulphur, 38*2 ; production 
of, from sulphuric acid, 
3*2; properties of, 883 
Sulphur trioxide, 383; com- 
position of, 388; prepara- 
tion of, 384 *, dissolved in 
water forms sulplmricaeid, 
385 

Sulphur waters, 347 
Sulpliurieaeid, 3*5-386 ; chars 
sugar, 385; has a strong 
affinity for water, 385 ; heat 
developed when dissolved 
in water. 3S5 ; neutralises 
caustic soda solution, 385 ; 
production of sulphur di- 
i ixide from, 38*2 ; properties 
i if, 385, 386; relative density 
of, 8X5 ; test for. and for 
soluble sulphates. 38(5 
Sulphurous acid, 382, 383 
Sundial, 33 


Suspended impurities in 
water, 347 
Sylvino, 408 
Synthesis, 343 

Tjcrkscopk, 230 *» 

Temperature, distinction be- 
tween. ami heat, 159, 160 ; 
indicated by expansion, 
127; measuring, 126; pro- 
duced by mixing, 165 
I Temperature and water level, 

| analogy between, 161 
: Tenacity, 8 ; measurement 
| of, 9 ; of copper, 9 : of 
cotton, 9 ; of lead. 9 ; of 
silk, 9 ; of steel, 

Tension and extension, re- 
lation between, 48 
Thermometer, 1*26-185; choice 
of substance for. 1*28-129 ; 
construction of, 1*29; fixed 
points on, 131 ; graduation 
of, 180 ; necessity for, 1*26; 
scales, 184; why mercury 
is used for. T9 
Time, units of, 83-514 
Torieellian vacuum, 111 
Touch paper, 407 
Trade winds, 197 ; explana- 
tion of, 198 

Transparent bodies, 239 
Travertine, 39!* 

Type metal. 4T2 

Umbra and pen umbra, 208 , 
*209 

Unit quantity of heat, 160, 
162 

Vaporisation, 146-152; heat 
required for. 1-17 
Vapour pressure and boiling 
point. 149-151 ; determina- 
tion of, MS, 150 
Variation, or magnetic de- 
clination, 249 

Velocities, composition of, 
40; parallelogram of. 40 
Velocity, 87, 3!*; average, 89; 
resultant., 40; uniform, 39; 
unit of. 39 ; variable. 39 
Ventilation, 184 
Viscosity of liquids, 10, 11 
Vitreous electrification, 261 
Voltaic electricity, 267-279 
Voltameter. *282. 343 

Wash ino soda, 405; crystals 
of, 405 ; preparation and 
properties of. 405. 406 
Water, 338-349 ; a bad con* 
doctor of heat, l*u; action 
of metals on, 333-3. >4. 335 ; 
action of sodium upon, 
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3 35 ; an oxide of hydrogen, 
342,; analysis of, Jill; 
capacity of for heat, 104 ; 
chemical examination of, 
334 ; composition of by 
weight, 343-345 ; dissolved 
impurities in, 3 17 ; distil- 
lation of, 345* : formed by 
burning hydrogen, 340, 
342; hard and soft, 34a; 
pro] Millions of hydrogen 
and oxygen in, 342 : results 
of high capacity for heat, | 
105; suspended impurities 
in, 347 

Waters, natural, 340-347 


I Water level, 12 
I Wedge, 87 

j Weight., mass and, 50-00 ; no 
l loss of in change of state, 

■ 10 ; no loss of in chemical 

combinations, 303 
: Wot. and dry-bulb therrno- 
; meter, iso 
! Wheel and axle. Si* 

: White light, recomposition 
; of, 237 

; Winds, 190-1 Oil; cause of, 190 
Wire, twisting of a, 7 
Wire gauze, action of on 
flames, ISO 
Wood charcoal, 352 


Work, principle of, 82 ; illus- 
trated iby lever, S3 
Wrought iron, 414 

Xenon, 329 
Yard, standard, 21 

Zinc, 417-418 ; action of acids 
upon, 417 ;• amalgamated. 
207; blonde, 117 ; chloride, 
'418; preparation of from 
ore, 120 ; properties of, 41 7; 
sulphate, 339, 340, 418; 
crystals of sulphate, 339; 
formation of, 340; used for 
galvanising iron, 1 17 


GLASGOW : HUNTED AT THE UNIVERSITY PRESS II Y ROBERT MAC LF. HOSE AND CO. LTD. 



WORKS BY 

PROP. R. A. GREGORY, AND A. T. SIMMONS, B.Sc. 

EXERCISES IN PRACTICAL PHYSICS. Adapted to First 
. and Second Year's Work of Schools of Science. In two 
yols. Globe 8vo. 2s. each. , 

EDUCATIONAL NEWS. — “ This book is neithor of too advanced a type for the 
scholars iv a higher grade school nor too elementary for students beginning their 
course in a Technical Institute or College. The experiments are sufficiently 
detailed, and sufficiently illustrated by diagrams to allow of correct working. 
Its bulk is not needlessly increased by theoretical explanations ; it professes to 
be not a scientific treatise, but a practical text-book, and as such we can recom- 
mend it. The diagrams are good; we would particularly call our readers 
attention to those on the use of the vernier." 

EDUCATIONAL TIMES . — “The opening words of this volume— ‘You are 
provided with a foot-rule ’—are typical of its thoroughly practical character." 

PHYSIOS FOIi, IRISH INTERMEDIATE SCHOOLS. Being 
a First Year's Course of Exercises in Practical Physics. 
Globe 8vo. 2s. 

A MANUAL OF ELEMENTARY SCIENCE. A Course of 
Work in Physics, Chemistry, and Astronomy for King’s 
Scholarship Candidates (Sections I. and II.). Globe 8vo. 
3s. 6d. 

EXPERIMENTAL SCIENCE— PHYSIOGRAPHY. (Sec- 
tion I.) An Elementary Course of Physics and Chemistry 
Adapted to the Syllabus of the Science and Art Depart- 
ment. Globe 8 vo. 2s. 6d. 

ELEMENTARY PHYSICS AND CHEMISTRY. In Three 
Stages. Adapted to the Syllabuses of (1) Alternative 
Class Subject — Course H ; (2) Specific Subject XIII. ; 
(3) Practical Science in Evening Continuation Schools. 
Globe 8vo. Is. 6d. each. 

STAGE I. 

GUARDIAN.— 11 The educational value of this first course, if the experiments 
are really performed, thought out, and written about, as herein indicated, is dis- 
tinctly great — far p-oater, in fact, than Paul Bert’s book. . . . The book 

merits very extensive UBe in schools: it is a good stepping-stone to higher 
things." 

STAGES II. AND III. 

SCHOOLMASTER.— “These books are well worth the attention of those who 
are interested in the teaching of the elements of science in our elementary 
schools. They are useful because they contain a large amount of instruction 
respecting many of the chomieal ami physical changes which almost daily come 
under our notice. They are educational because the course of instruction is so 
arranged as to cultivate the powers of observation and reasoning." 

LESSONS IN SCIENCE. A Preliminary Course of Physics 
and Chemistry. Globe 8vo. 3s. 6d. 

SCHOOLMASTER. — “The book is capable of rendering excellent service to 
those who use it." 

MACMILLAN AND CO., Ltd., LONDON. 



WURKS BY PROP. R. A. GREGORY. 

AN EXERCISE BOOK OF ELEMENTARY PRACTICAL 
PHYSICS. Fcap. 4to. 2a. 6d. * 

EDUCATIONAL TIMES. — “Mr. Gregory is no mere intelligent dispenser of 
otiier men’s prescriptions. His book is essentially original. lie has one of the 
most valuable qualities in a teacher— a ready invention. 

THE PLAN ET EARTH. Globe 8vo. 2s. 

WORKS BY A. T. SIMMONS, B.Sc. 

PHYSIOGRAPHY FOR BEGINNERS. Globe 8vo. 2s. 6d. 

ROYAL COLLEGE OF SCIENCE MAGAZINE.—' “ Mr. Simmons’ book Bhould 
have a large circulation, and we recommend it both to those who will use it as a 
text-book, or as ground-work for lectures and demonstrations.” 

PHYSIOGRAPHY FOR ADVANCED STUDENTS. Globe 
8vo. 4s. 6d. 

EDUCATIONAL NEWS. — “No better book on the subject has hitherto come 
under our notice, and we recommend it with full confidence.” ' 

BY A. T. SIMMONS, B.Sc., AND L. M. JONES, B.Sc. 

ELEMENTARY GENERAL SCIENCE. Globe 8vo. 3s. 6d 

NATURE. — ** It contains an admirable course of practical work covering all the 
principles of mechanics, physics, and chemistry included in the new subject for 
the London Matriculation. . . The volume contains an instructive course of 

work which will be of real assistance to both teachers and pupils in schools whore 
elementary science is taught.” 

ACADEMY.— 1 * We have given the little work a very careful examination, and 
are convinced that no better introduction to physicB and chemistry is at present 
available.” 

By A. T. SIMMONS, B.Sc., and H. RICHARDSON, M.A. 
INTRODUCTION TO PRACTICAL GEOGRAPHY. Globe 
8vo. Sections I-IV. 3s. 6d. Also Section I.. Maps. Section 
II., Tlie Globe. Section III., Climate. Globe 8vo. Limp 
Cloth. Is. each. Key, 3s. 6(1. net. 

GEOGRAPHICAL TEACHER.-** We realise the great value of the book. . . . 
For ourselves we must gratefully acknowledge indebtedness to the authors, and 
therefore most cordially recommend the book to other teachers.” 

EDUCATION.— “ A perfect treasury of useful information for teachers.” 
SCHOOLMASTER. — “ It is an admirable accompanying text-book to ordinary 
school geography for the older pupils in schools.” 

SCHOOL WORLD.—** This excellent book comes at a psychological moment.” 
ATHENJEUM. — “We recommend this excellent book to the attention of 
school authorities." 

BY A. T. SIMMONS, B.Sc., AND E. STENHOUSE, B.Sc. 
SCIENCE OF COMMON LIFE (Experimental Hygiene). 
An Introductory Course of Work in the Principles of 
Domestic Science. Globe 8vo. 2s. 6d. 

A work in elementary science designed for girl students. Its object is to 
explain the broad principles of physical and chemical science, and to illustrate 
them by application to the ordinary facts of household life. Thus the student 
learns something of the composition of the air and the principles of ventilation, 
the composition of water and its properties, with their practical '■Sects; the 
chief constituents of ordinary food, and the chemistry of cooking; with some 
rudimentary account of the human frame. Experiments arc fully illustrated by 
diagrams. 

MACMILLAN AND CO., Ltd., LONDON. 




